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I. INTRODUCTION 


During the past decade, the Binet-Simon measuring scale for 
intelligence has received considerable attention, and a large 
amount of literature has appeared on the subject. No attempt 
has been made in the following pages to review all the literature 
on this scale or other systems of intelligence testing. Kite (38) 
gives an excellent account of the history and nature of the scale. 
Kohs (41) has assembled a very complete bibliography on the 
subject up to June 1914. Schmitt (57) gives an historical ac- 
count of the development of the various attempts to correlate 
psychological findings with general intelligence, particularly in 
this country and England. Bobertag (10) and Schmitt both 
give detailed descriptions and analyses of the individual tests. 
Stern (62) has devoted a monograph to the collection, exposition 
and critical analysis of the large amount of data bearing on the 
problem of intelligence testing, and in another work (61) has 
assembled the literature of cognate fields. The literature bearing 
on the Binet scale up to 1912 is largely descriptive of the scale 
itself, the standard methods of procedure, etc. The more recent 
literature has been critical and reveals a tendency at the present 
time for investigators to depart from the methods of the exten- 
sive application of the scale as a whole to the more intensive 
study of the individual tests. 

All systems of intelligence tests may be classified as qualitative 
or quantitative. The qualitative system consists of an aggrega- 
tion of tests designed to detect the capacities or inca >acities of 
the subject in order to afford the experimenter an opportunity 
to make a diagnosis concerning the subject’s mentality. This 
method throws the responsibility for the final diagnosis on the 
experimenter. The system of tests proposed by Healy and Fer- 
nald (34) are of this type. Quantitative systems of tests necessi- 
tate a final score of some sort, whether that score be in the form 
of a mental age, a mental quotient, a certain number of points, 
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a coefficient of intellectual ability, a percentile rank or what not. 
The essential characteristics of the quantitative systems are the 
interpretation of the total scores in terms of the age of the sub- 
ject, and the placing of the responsibility for the final diagnosis 
on the tests rather than the experimenter. 

Binet and Simon’s 1905 scale (5 and 6) was of the qualitative 
type. A series of 30 tests of approximately increasing difficulty 
was published with directions for their application. The authors 
reported in a general way that from their experience in examin- 
ing a few selected normal children of different ages, and other 
subnormal children in the schools and at the Salpetriére, approxi- 
mate levels of performance could be found characteristic of the 
development of normal children of 3, 7, 9 and 11 years chrono- 
logically, the performance of idiots, imbeciles and morons cor- 
responding roughly with that of normal children of 3, 7 and 9. 
Although the reference to chronological ages introduced the 
quantitative element, at no place were the authors insistent on 
this point, merely stating that they had found the series of tests 
exceedingly valuable in diagnosing and classifying defectives, 
and in their opinion others would also find it valuable. 

The 1908 scale (7) was quantitative in character owing to 
the introduction of the concept of “mental age”. It included 
a list of 56 tests grouped according to ages from 3 to 13, each 
group containing from four to eight tests. Most of the tests of 
the 1905 series were included, the additions including in a large 
measure tests of a scholastic nature. The authors gave directions 
for applying the series and for computing the resultant “mental 
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age’. A child testing three years below his chronological age 
was to be considered defective. . 

Although the scheme of the 1908 series was entirely quantita- 
tive, the authors did not discard the qualitative idea, and they 
cautioned against the application of the scale in the manner of 
a measure of height or weight. The border line between the 
idiot and the imbecile was fixed by the ability to use and compre- 
hend spoken language. The imbecile was differentiated from 
the moron by the use of written language, illiteracy being di‘ 
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ferentiated from imbecility by certain tests. The authors stated 
that the moron could be defined only in terms of the environ- 
ment in which he lived, and they considered six tests important 
in differentiating the moron from the normal individual of the 
Paris population. Any system of tests which throws more 
weight on some tests than on others in making a differential 
diagnosis is fundamentally qualitative in kind, for the responsi- 
bility is placed not on the score but on the judgment of the ex- 
perimenter. The idea of a quantitative measuring scale of 
intelligence however met with instant favor. The interest that 
actuated the psychologists of the “early nineties” to correlate 
the measurements of reaction time, motor ability, sensory dis- 
crimination, etc. with intelligence was revived. The scale was 
translated into several languages and applied to individuals of 
many classes and types. 

In 1911, the authors published a revised scale (8) in which 
many of the tests of scholastic ability were discarded, and the 
remaining tests shifted about so that there were five tests for 
every year except one from III to X with similar groups for 
“twelve year”, “fifteen year” and “adult” mentality. In the same 
year, Binet published an article (4), his last word on the sub- 
ject, in which he discussed many of the criticisms which the scale 
had received, and again sounded the note of warning against 
the mechanical interpretation of results. However, as one traces 
Binet’s thought on the subject through his writings, he may see 
the idea of a qualitative system of tests gradually dropping into 
the background, and more and more weight placed on the “‘scien- 
tific’ (quantitative) measure of intelligence. 

That Binet did not depart entirely from the qualitative stand- 
point is shown by his discussion of the test of comprehending 
difficult questions. “Sometimes after an examination one hesi- 
tates on a diagnosis. The child has failed in one or two tests, 
but this does not seem to be convincing. Failure to give the day 
and date and the months of the year are excusable errors, which 
may be caused by distraction or by lack of education. But the 
questions for comprehension dissipate all doubts. We recall 
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several instances when teachers brought us children, desiring to 
know whether or not they were abnormal; occasionally, in this 
way they set a trap for us, but we did not object, it was fair 
play. Our questions for comprehension decided us every time. 
We remember one child who was very slow in answering as 
though dull, his face was expressionless and unprepossessing ; 
he knew neither the day nor the date, nor what day comes after 
Sunday, and he was 10% years old; his reading was syllabic. 
But when we asked question 5: Why do we judge a person by 
his acts rather than by his words? he gave the following answer: 
Because words are not very sure and acts are more sure. This 
was enough—our opinion was formed, that child was not so bad 
as he seemed.” (Town’s (72) translation, page 48. ) 

The popular interest that was manifest before the advent of 
the 1911 scale was tremendously reinforced in this country by 
Goddard’s (30) publication of the results of the application of 
the scale to “two thousand” non-selected school children in Vine- 
land, N. J. Popular interest increased rapidly, and the scale 
continued to have wider and wider application in the hands of 
less and less experienced investigators. The concept of “mental 
age’ was exceedingly easy of comprehension, no apparatus was 
needed, and the scale has now become the common property of 
all. This development or overdevelopment has taken place in 
spite of the warnings of the authors themselves and the psycho- 
logical fraternity in general. The very fact of overdevelopment 
however is striking evidence that persons interested in the social 
sciences need a quantitative scale for measuring intelligence. 

The question whether the Binet scale is an accurate measure 
of intelligence can be decided only by the study of the individual 
tests and the factors underlying them. A study of this sort will 
show the errors that underlie the total score or “mental age’, 
and at the same time will show the direction in which the cor- 
rection of the scale should take place. The proper understanding 
of the individual tests involves the theory on which the measur- 
ing scale was constructed. 

The method which Binet and Simon used in constructing their 
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measuring scale of intelligence was entirely empirical. A large 
number of tests were given to children of a certain social status. 
Certain tests could be shown to be correlated with age, and in 
the authors’ opinion were correlated with intelligence. The fact 
that at a certain age a test could be passed by a certain propor- 
tion of the subjects was taken to mean that the test in question 
was characteristic of that age. Tests that were characteristic 
of the same age level were then combined into one age group. 
In this way a scale was built up with a number of tests for each 
age group. By a certain arbitrary system of scoring the re- 
actions of a subject to all or part of the scale of tests, the “men- 
tal age” of the subject was obtained. The comparison of the 
“mental age” with the chronological age of the subject would 
show him to be advanced, at age or retarded, and the amount 
of acceleration or retardation would afford a quantitative index 
of his intelligence. 

A person could construct a scale on the same basis and arrive 
at an age score using entirely different tests. A scale could be 
constructed containing tests of height, weight, vital capacity, 
strength of grip, circumference of the head, etc. and the results 
interpreted in terms of age. In this case however the age ob- 
tained would be more physical than mental. A scale of tests 
could also be constructed which involved the subject’s knowledge 
of geography, spelling, history, grammar, etc. but in this case 
the resulting age would be determined very largely by the amount 
of training the subject had received. 

The assumptions that a child at a certain age should weigh 
25 pounds, at another age 50 pounds, etc., that a child can repeat 
3 digits at one age, 5 digits at another and 7 digits at another, 
and that a certain percentage of children at one age can enu- 
merate the months, and a higher percentage at another age, differ 
only in the possible determiners to which the growth may be re- 
ferred. In the first case the growth is referred to certain physio- 
logical processes which are supposedly independent of intelligence 
and training. Binet believed that the principal determiner of 
growth in the last two cases was intelligence, but the possibility 
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remains that they might be more or less independent of intelli- 
gence, and more or less dependent on training and other variable 
factors. 

The principle on which the scale was constructed involves three 
assumptions, (1) that the individual tests are correlated with 
age, (2) that the individual tests are correlated with intelligence, 
and (3) that intelligence is correlated with age—three distinct 
assumptions any one of which does not necessarily involve the 
others. The purpose of this investigation is to study the correla- 
tion of the individual tests with age, to determine the variable 
factors that might operate on the tests to produce an apparent 
correlation with age that was not a real correlation, or that might 
alter the real correlation in some way. 

There is a possibility that an error might occur in the statistical 
treatment of the results, so that figures which would apparently 
indicate a correlation with age of a certain degree might actually 
represent a correlation of another degree. Another variable 
factor is the personal equation of the experimenter, who might 
alter the procedure in giving a certain test so that the correlation 
of that test with age might be different from the correlation 
obtained by another experimenter. If the subjects of various 
ages had received different school training, this difference might 
introduce another factor which would vary independently of the 
age of the subjects. If the tests used depended on any inherited 
or acquired differences between the sexes, then the correlation 
of the tests with age might be different for the two sexes. If 
any or all of the variable factors mentioned prove to be present 
in the correlation of the tests with age, then certain allowances 
will have to be made for these factors in making a diagnosis 
of the subjeci’s intellectual ability on the basis of his total score 
or “mental age’, and the scale becomes qualitative rather than 
quantitative. 

At the Fourth International Conference for School Hygiene 
held in Buffalo in the summer of 1913, several persons of un- 
questioned authority in the field of mental tests held an informal 
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conference on the Binet-Simon scale, reporting the results in 
1914 in the form of recommendations and suggestions (15). 
The question, “How much is the outcome of the testing in- 
fluenced by the personal equation, both of the examiner and ex- 
aminee?’’ was answered, “Undoubtedly there is some influence 
and it may be a serious source of error.” Another question, 
“How much do previous environment and school training effect 
the outcome of the tests?” was left unanswered by the opinion, 
“The experimental evidence thus far available is conflicting. 
Further investigation is needed.” The question, “Should the 
scale be divided, in the upper years at least, to furnish separate 
standards or separate tests for the two sexes?’ was answered, 
“We do not know, and recommend this a subject for investiga- 
tion.”” The following study is in part an attempt to answer these 
questions. 

The method used in this study is that of studying the indi- 
vidual tests, disregarding entirely the total score or “mental 
age’. There are at present so many revisions and editions of 
the Binet scale, that the term “mental age” has no meaning out- 
side of the particular scale in question. The tests that are used 
in the various standardizations are however approximately the 
same, so that conclusions concerning the factors underlying the 
individual tests have a wider significance than those drawn from 
the “mental ages”. Furthermore variable factors in the indi- 
vidual tests may balance each other in the total score so that 
their influence might be obscured. 

The subjects and methods will be described first, and in con- 
nection with the methods of treating the results a statistical error 
will be pointed out. The problems of the personal equation, 
grade correlations and sex differences will then be taken up in 
detail. 


(Oe it ead See aa 


ee 5, a ee | dts 
Yee Gem Aart 
Paeed “ . 








Lae r ; k ; 
aera Se ree eng 

sn r ay : 
Seat en 


nee 
hase eat 


Fanti ae dela 

any ssa, 
J eee Bex. lide ra 
Rpt on 4 errr rae 


ae 


pit ow Seen 
oe see ies 
en etal 





a OSE COS RR OPE 






















Il. SUBJECTS AND METHODS 


SUBJECTS 


The data which are here analysed to determine the influence 
of the personal equation, of grade training and of sex differ- - 
ences, are derived from all the boys and girls below the seventh 
grade in the Princeton, N. J., Model School. This group in- 
cludes 422 subjects of the following age distribution,— : 


CHRONOLOGICAL AGES. 
4 5 6 7 8 SO a ae ee es ee 
yw @& sw SS 2.2 oe. SS 4 


Each of the first six school grades was divided into a plus 
and minus grade, the latter division being under a different 
teacher, and containing those who were either backward, or, on 
account of illness, change of school, or for reasons not neces- 
sarily related to their mental development, were not sufficiently 
advanced to perform the work of their grade. The school also 
contained a special class for defective and exceptionally back- 
ward children. The subjects were distributed in the school 
grades as follows,— 


ScHOoL GRADES. 
Spec. Kind. I— I+ IJ— TI+ II— I+ IV—IV+ V— V+ VI— VI+ 
SS @@ 68s 2b @ 2 B82 2. SO we 


39 or 9.2% of the subjects were children of non-English speak- 
ing parents, this group including 6.6% of the children in the 
Kindergarten and first six regular grades, and 15.7% of those 
in the special class and minus grades. 

The selection of subjects is only fairly typical of the general 
run, for Princeton has no manufactories. The children examined 
came, for the most part, from the homes of laborers, domestics, 
artisans, farmers, tradesmen, clergymen and college professors. 
The selection is atypical in that none of the children came from 
homes of the manufacturing class, while an unusually large pro- 
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portion came from the homes of those engaged in domestic, 
personal, and professional service. 


TESTS 


The scale used was Goddard’s (28) 1911 revision of the 
Binet-Simon scale. The methods used in giving the tests were, 
as far as possible, the same as those outlined by Goddard in the 
original revision, incorporating the rules and suggestions for 
standardized scoring published by that writer (29) in 1913. 
The methods used will not be discussed in detail, for the data 
are not used in obtaining age norms and standards for children 
generally. For the analysis of the data in terms of grade and 
sex it is not necessary that the procedure should be absolutely 
standardized, but that the experimenters who gave the tests 
should have used the same procedure. Differences in the tech- 
nique of the experimenters will be discussed in the chapter on 
the personal equation. 

One variation from the usual procedure was adopted. In no 
case did the experimenter know the chronological age of the 
child being tested. The influence of any prejudice or bias on 
the part of the experimenter is therefore eliminated from the 
problem of the correlation of the tests with age. The three ex- 
perimenters who gathered the material in the spring of 1913 
examined the sixth grade first and the remaining grades in de- 
creasing order. During the school year 1913-1914, the fourth 
experimenter examined all children at that time in the kinder- 
garten and first grades, and others who were not examined in 
the spring of 1913. 

The tests in the “three year’, “four year”, “five year’’, “fifteen 
year” and “adult” groups were given so infrequently that the 
data from them are not treated. The tests used are as follows. 
The figure at the right shows the total number of times each 
test was given. 


AGE VI 
1. Distinguishing between morning and afternoon..................... 108 
2. Defining in terms of use......... Ac isscccdeceegndene) oadeceekaeanee 333 
>; Teas Cree CUMING. sons ie a cen enkeesaes Mitek 100 
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. Showing right hand and left ear 
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5. Choosing the prettier of given faces..........ccccccccccceccccceccs 117 
AGE VII 
5, Combing 29. panies. ... su tases candatsccasdenas eiinde chicken 217 
S. TOUT RUNS oo. 6 Bo as thas 9 6s Sn hdc bch ec bd ba ce 219 
3. spongy entissione: ini SUNN is 665i 8a i Rick HS 217 
4. Campin Gee diamond (in: GORGE). . oon cikccuesvadivsceitcuveccceevetie 225 
5, PE GRINS, 0.0 0 ews deb hak bank onbdk shadatnbianavddeineenin 218 
AGE VIII 
1. Comparing remembered objects (butterfly and fly)................. 271 
2, Counting teciewrarda: tremi-G0- OO Oise 6 5 6 ks ae Sade ie hes eivivt 251 
3. Enumerating the days of the week...........cccccccccccccccccccers 277 
bi SS I co. . 0043 babes eee dtne thc hottie 258 
5; I De 5 sco sbadk paver abnine betes osbchtetersdinextuain 413 
AGE IX 
5 CN NR. oo. o'c c's onc ucer pap ees cbbd salsa edeseuebes de becwans 271 
2, EPORMay tn SORES SU RTIOL: BO WGK is 0.6.5.056 6 hc 0 chases vesks caceetins 333 
2, St OS ee OE GOS vid cas cet nedens ikiokslewecaiatinnetedael 307 
pc: nae ie “CUO 55 so vc nino nh cob teed baste nese .. 284 
©; ee Te OIE 55 5665 ce GA Ree iA divine eh ened ea 334 
AGE X 
5, Se PAGO OF MII 5 ie oocn'ts cg0ds 404 sb eens ahaneber en 282 
9 as Seen Ci so. 66.5 seine ann dunes badness thebenee 252 
SPE AMEE. va co ccd udid pam sh akanebeChades chivawevuacs obese 413 
4. Comprehending easy and difficult questions................eeeeeee? 250 
5. Using three words in sentence (two ideas)..........e.cccccesceeees 279 
AGE XI 
5, een eileiaties in GIs av cing o0 << 0 occcnccksncecesenebas 226 
2. Using three words in sentence (one idea)........... cece cece eeeeees 279 
9; Giving Gp words im Ghree MBs desc ics oc ceviccugneievareeotceseds 233 
4. Giving rhymes with day, mill and spring...............eeeeeee- one «ee 
5. Reconstructing dissected Semtemces........ccccccccccccscccsccccsers 190 
AGE XII 
cI 9 IDs onc conc cndeneatacisdss axe CeMnssteleapsienerbed 413 
Si Se SRINEE  GORUNS... «o's 5 Ei ebs hie vancccvtccsisviatssewornees 144 
3. Repeating a sentence of 28 syllables... .......ccccccccccccccsecccce 169 
4. Resisting suggestion (length of lines)........... cece cece eeeceees 203 
5. Solving problems from various facts...............eeeeeeees betaine 123 


The tests in the “six year’ group, with the exception of de- 


fining in terms of use, and the tests in the “twelve year” group, 
with the exception of repeating 7 digits, were given so infre- 
~ quently or so irregularly that the data from them could not be 
treated. The apparatus used in the test of arranging five weights 
was not constant ti1roughout the experiment, the standard cubes 
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and weighted pill boxes being used at different times by different 
experimenters. On this account, the data from this test are 
not included in the subsequent discussion. 


METHODS OF TREATING RESULTS 


The chronological age of each subject was taken as that at 
the last birthday, one tenth of a year being allowed for each 
36 days beyond the birthday. The subject that was Io years 
and 35 days would be rated 10.0 years, while ten years and 36 
days would be 10.1 years. A subject one day short of 11 would 
be rated 10.9 etc. The teachers of each grade submitted the 
dates of birth of all pupils after the grade had been tested. 
These data were later checked up from the entrance cards. Since 
the purpose of this study is to analyze the factors involved in 
the individual tests, no “mental ages” or total scores were fig- 
ured. The classifications of the subjects are all made independ- 
ently of the tests. 

Two measures of central tendency will be used in the subse- 
quent discussion, the average and the median. The measure 
of variability from the average, that will be used, is the mean 
variation (or average deviation), the average of the differences, 
regardless of signs, between the separate measures in the series 
and the average of the whole series. The measure of variability 
from the median that will be used is the semi-interquartile range 
(Q), or half the difference between the measure with three 
times as many measures above as below it and the measure with 
one third as many measures above as below it, i. e. half the 
difference between the 25 percentile, and the 75 percentile. Any 
coefficients of correlation used will be stated in terms of the 
formula applied. The reader is referred to Thorndike (70) for 
the discussion and explanation of the statistical measures used. 

The measures of ability in most of the tests are in the “all 
or none” form—the tests are either passed or failed. The only 
measure that can be obtained from data of this sort is the per- 
centage that an ability is present in a defined group. This 
method of treating the results has as many “pit-falls’ as the 
tests themselves. Before undertaking the analysis of the Prince- 
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ton data to determine the effect of the personal equation of the 
experimenter, and the age, grade, and sex of the subject upon 
the results of the individual tests, it is necessary to consider 
an error which underlies incomplete data, or those data derived 
from experimenting in which every test is not given to every 
subject. 

No uniform instructions were given to the experimenters con- 
cerning the order in which the tests should be given, nor the 
number of tests that should be tried. The experimenters at- 
tempted to determine the mental age of the child according to 
the scale. In doing this they would start with some test which 
they considered would be interesting to the child, and, at the 
same time, well within his reach. The tests given first were 
usually those of describing pictures and arranging five weights. 
The experimenter would then gradually explore the subject’s 
range of ability, varying the order of the tests so as to maintain 
the subject’s interest, and to ward off fatigue. In this way the 
experimenter would eventually establish the basal age of the 
subject (that age in which he passed all five of the tests), and 
by the end of the examination would have tried all the tests 
above the basal age which, in his judgment, there was any possi- 
bility of the subject’s passing. This method of experimenting 
will be called incomplete. The other method of experimenting, 
in which a certain number of tests are adopted and all of the 
tests are tried on each subject, will be called complete. Each 
experimenter in the Princeton investigation averaged 19 or 20 
tests to a subject. In the Trenton investigation all the tests were 
given to all the subjects. 

The incomplete method is more desirable from the standpoint 
of the subject who is not unnecessarily fatigued, and from the 
standpoint of the experimenter, as well, who saves in the ex- 
penditure of time and energy. However, the data derived from 
the incomplete method are subject to an error, which, unless it is 
properly considered, will completely vitiate the results. 

When the experimenter does not try a test above the basal 
age because he believes that the subject will not pass it, he im- 
plies that the subject will fail it. This amounts to a failure, 
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for the subject receives no credit. However, a failure of this 
sort, due to the experimenter’s assumption, is not the same as 
an actual failure in which the test is tried, for there is always 
the possibility that the assumption was unjustified. In like man- 
ner when the experimenter does not try tests below the basal 
age, he actually gives credit for passing the test without the 
actual trial. 

In some cases the assumption on the part of the experimenter 
is quite justified. Obviously if a subject can make-change, he 
can count up to thirteen; if he can repeat seven digits, he can 
repeat five and six digits; if he knows the names of the months, 
he will know the days of the week; and, conversely, if he cannot 
repeat the days of the week, he cannot repeat the months. Other 
assumptions are less justifiable. Since very intelligent persons, 
lacking in particular sorts of abilities, might fail in tests such 
as drawing the design from memory or arranging five weights, 
there is no reason for supposing that a subject making basal 
“eleven” or “twelve” will pass these tests. At the same time 
there is no reason for assuming that a subject failing to estab- 
lish basal “seven” for instance, will fail to pass a test such as 
the line suggestion test in “twelve”. The assumptions of the 
experimenters, then, are more or less justifiable and it is im- 
possible to estimate the amount of the justification, since this 
is dependent on the nature of the individual tests. 

The manner in which this error works out in the statistical 
treatment of the results may be shown by examining any test 
which has been tried through a number of chronological ages. 
Table 1 shows the results of the 60 word test obtained from 
subjects 7 to 13 years of age. 


TABLE NO. 1 
Analysis of the Results from the Test in Naming 60 Words in 3 Minutes. 


Chronological ages ............+- 7 8 9 10 II 12 13 
No. of times given........-ccces: II 18 25 42 44 31 28 
Se ee eee 4 10 10 24 34 19 21 
Actual percentage passed......... 30% 56% 40% 57% 77% 61% 75% 
Total number of subjects......... 60 52 42 54 48 36 28 
Percentage of subjects to whom 

ee ie eee 18% 35% 60% 78% 92% 86% 100% 


Theoretical percentage passed.... 7% 190% 24% 44% 71% 53% 75% 
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An example will make the above table clear. The 60 word 
test was given to I1 subjects, age seven, 4 of whom passed. 
In all there were 60 subjects at this age, so that the 11 subjects 
to whom the test was given constitute but 18% (and probably 
the brightest 18%) of this whole number. The percentage 
passed would have been 7% had the test been given to all 60 
subjects, and had all the subjects failed who the experimenters 
assumed would fail if they gave the test. The true per cent. 
which represents the ability of non-selected seven year boys and 
girls in passing the 60 word test therefore lies somewhere be- 
tween 7% and 36%, probably nearer 7%. An accurate estimate 
of the real per cent. which will represent this ability is, however, 
impossible. In like manner, the ability of the 8 year subjects 
is represented by a percentage somewhere between 19% and 56%. 

As the proportion between the number of subjects in the 
group and the number actually tested increases, the disparity be- 
tween the actual and theoretical percentage passed becomes less, 
or, in other words, the results which express the ability of a 
group become more reliable as the number of individuals actually 
tested as a sample of this group becomes larger. The higher 
the percentage given, the more reliable the percentage passed, 
when the reliability is measured by the difference between the 
actual percentage passed and the theoretical percentage passed. 

The source of error mentioned causes great difficulty in com- 
paring the results of different investigators. For example, it is 
desired to compare the results of Terman and Childs (66) and 
Dougherty (23) with those of this investigation on the 60 word 
test. Table 2, derived from their published results, shows the 
percentage that the test was given of the number of times it was 
possible to be given, (%G), the actual percentage passed, 
(A%P), and the theoretical percentage passed, (T%P), or that 
percentage passed that would have resulted had all of the sub- 
jects failed, who it is necessary to suppose would have failed, 
had the test been given all the possible number of times. 





VARIABLE FACTORS IN THE BINET TESTS 15 


TABLE NO. 2 

Analysis of the Results of Three Investigators on the 60 Word Test. 

This investigation Terman and Childs Dougherty 

Age %G AMP TMP %G A*P THP %G AMP T%P 

7 18 36 7 14 50 7 
8 = ee 47 35 =: 16 15 o 0 
9 60 40 24 86 57 49 35 60 2 
10 ie ie 100 = «667 we: Bi a 
II eo fF. 9 83 82 89 79 70 
12 86 61 53 97 82 80 QI 95 87 
13 100 75 100 (94 4 88 8 


It is very difficult, if not impossible, to make a comparison of 
these results shown in Table 2 for the years 7, 8 and 9. The 
ability of Terman’s 7 year group is represented by a figure some- 
where between 7% and 50%, while that of the 8 year group falls 
somewhere between 16% and 35%. Dougherty’s 9 year group 
falls between 21% and 60%. In the older years where the re- 
sults have greater reliability, it is probable that the discrepancies 
between the investigators could be accounted for on the basis 
of the inferiority of the selection of the older subjects in this 
investigation, the other investigations including children from 
the seventh and eighth grades. 

In order to make a comparison between investigators, it is 
necessary to express the results in terms of a percentage or a 
proportion. The expression of the ability of a group by a per- 
centage or a proportion is inaccurate if the data are incomplete, 
and in order to judge the accuracy of the data, it is necessary 
to know the degree of completeness. Unfortunately, the results 
of most of the investigations on the individual tests are not pub- 
lished in a form that enables one to estimate the accuracy of the 
data. The writers who have published their data in a form 
that will admit of this treatment, have not treated the sexes 
separately. On this account, the writer will not attempt a sys- 
tematic comparison of the results of this investigation with those 
of other experimenters. 

Before analysing the Princeton data the following problem 


should be answered :—What proportion of a given group must | 


actually be tested for an ability in order that the results may be 
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considered as typical of the ability of the whole group? The 
proper proportion to select as typical of any one group depends 
upon the characteristics of the group itself. If the members 
of a group are similar, a smaller proportion would stand for 
the ability of the group than would be necessary for a group 
composed of unlike individuals. A smaller number of individuals 
would be necessary to stand for the ability of all the 12 year 
boys in the sixth grade, for example, than for all the 12 year 
boys coming from a great many grades. This proposition op- 
erates directly counter to actual practice, for the members of 
a group of similar individuals will be given similar tests, while 
unlike individuals will receive different tests, inasmuch as the 
experimenter adapts his procedure to the need of the individual 
being examined. The proposition actually means, then, that 
selected results from incomplete testing are more reliable than 
non-selected results, if each group has the same range of testing. 
The proportion of a group that must be tested to stand for the 
whole group will also vary from test to test. In some tests of 
particular abilities, no proportion will accurately stand for the 
whole group—the entire group must be tested. In other tests 
that are easy for the group, the results of a very small proportion 
would not be altered by examining the remainder of the group. 

The problem of deciding what proportion of a given group 
must actually be tested for an ability in order that their results 
may be considered as typical of the ability of the whole group 
has, therefore, no answer in the work. The writer will decide 
arbitrarily what the proportion will be. The actual magnitude 
of the proportion between the number actually tested and the 
number in the whole group (the percentage given) will always 
be published as an index of the reliability of the percentage that 
the group passes the test in question. 

It is not possible to obtain reliable results showing the growth 
of an ability with age, if the data on which the results are based 
are of the incomplete sort. A test for any age will be given to 
a superior selection of subjects below that age, and an inferior 
selection of subjects above that age, so that the growth curve 
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will appear flatter than it actually is. For this reason, the Prince- 
ton data may not be used for the purpose of standardizing age 
norms. 

Binet (4) recognized the fallacy of calculating proportions 
from the actual number of times a test was given and passed 
when the test had not been given all the possible number of times. 
In calculating the proportions from Levistre and Morle’s data, 
Binet used what the present writer would call the “theoretical 
proportion passed”. 

It has been shown that the reliability of the theoretical per- 
centage passed rests on the accuracy of the experimenters’ as- 
sumptions, and that according to the nature of the tests and the 
character of the groups to which they are given these assump- 
tions vary from complete certainty to absolute uncertainty. 
Inasmuch as these assumptions are not equally certain, the con- 
clusions drawn from them are not equally certain, and the logic 
of scientific method demands that an investigator establish the 
degree of certainty of his conclusions. In this case the measure 
of the degree of certainty is the magnitude of the percentage 
given. 

The use of the theoretical percentage passed without reference 
to the percentage given ignores the dictum that an investigator 
establish the degree of certainty of his conclusions, and sets up 
all conclusions as equally valid, a procedure which in actual prac- 
tice results in making all conclusions equally invalid when the 
fact of degrees of certainty is admitted. The investigator who 
draws conclusions from incomplete data should always state the 
percentage given and the actual percentage passed. This much 
at least is experiment. The only legitimate use of the theoretical 
percentage passed is when it is compared with the actual per- 
centage passed as a probable limiting value. The theoretical 
percentage passed alone has no claim to reliability. 
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Ill. THE PERSONAL EQUATION 


Before attempting to correlate the individual tests with age, 
grade and sex, it is necessary to demonstrate the presence or 
absence of the effect of the personal equation. By the term 
“personal equation” is meant the complex-of—variable_factors 
which are independent of the mental make-up-of+the-subject and 
the environmental conditions at the time of the examination. 
The term includes such widely different factors as the experi- 
menter’s ability to obtain the cooperation of the subject, his pro- 
cedure in giving the tests, his criteria in deciding whether a 
subject’s response should pass or fail, and the tests used, insofar 
as the selection of tests and the construction of the apparatus 
were occasionally left to his discretion, apart from the uniform 
procedure. 

The only method of detecting the influence of the personal 
equation in most of the tests is that in which the responses of 
similar groups of subjects to different experimenters are com- 
pared. On account of the wide variations in the character of 
the subjects examined, it is not possible to compare similar 
groups. On some tests, however, it is possible to determine the 
effect of the personal equation independently of the method of 
group comparison. The results of the tests that may be studied 
independently will be discussed at some length, in order to dem- 
onstrate the fact that certain tests are susceptible to this influence. 

The examinations of the Princeton subjects were made by 
four experimenters, called for convenience A, B, Cand D. None 
of the experimenters was highly trained in giving the tests, 
although they had all been trained in the methods of psycho- 
logical experimentation, one experimenter being an assistant pro- 
fessor of psychology, and the other three graduate students of 
psychology of at least one year’s standing. B, C and D per- 
formed their experiments at the same time, in the spring of 
1913, while A experimented one year later. B,C and D studied 
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the scale together so that it was possible to secure a correspond- 
ence in method. At the close of practically every day’s testing, 
B, C and D would confer on the questions brought out by the 
day’s work, and as far as possible would adopt uniform methods 
of procedure and scoring. A was subsequently trained in these 
same methods. 

In spite of the attempt to adopt uniform methods, there were 
a few tests which always caused difficulty, and concerning which 
the experimenters could reach no definite agreement. One of 
the tests that caused the greatest difficulty was that of defining 
in terms of use and in terms superior to use. The hierarchy of 
responses to this test could be fairly arranged as follows. To 
the question “What is a chair?” the following typical responses 
would be obtained,—1, “A chair is a chair.” 2, “This is a 
chair.” 3, “A chair is to sit on.” 4, “A chair is what you sit 
on.” 5, “A chair is a thing you sit on.” 6, “A chair is a piece 
of furniture you sit on.” 7, “A chair has four legs, a back, etc.”’ 
8, “A chair is a piece of furniture with four legs, a back, etc.” 
Any of the objects for which a definition is asked (fork, table, 
chair, horse, mother) may be defined by repetition, by demon- 
stration, by indicating the use to which it is put, by showing 
the class to which it belongs, by describing its parts, or by the 
combination of any or all of these methods. 

The only problem is to decide, arbitrarily, how definitely the 
class must be indicated (i. e. by “what”, “a thing” or “a piece of 
furniture’) in order to have the definition considered as one of 
classification. The rule adopted in this study was to consider 
“thing” as indicating the class. Nos. 1 and 2, definitions by 
repetition and demonstration, received no credit in “six years”. 
Nos. 3 and 4 were given credit in “six years” as definitions by 
use, and nos. 5, 6, 7, and 8 were given credit in “nine years” as 
definitions in terms superior to use. 

In studying the ranks given to the responses of the subjects 
in this test, it was found that the experimenters did not record 
the responses all of the time. A gave the test 94 times, and 
recorded the responses 66% of this number. B gave the test 
98 times, recording the subject’s answer 67% of the time. C 
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gave the test 65 times, and recorded the answer in 95% of the 
cases, while D gave the test 76 times and recorded the response 
only once. 

By ranking the recorded responses of A, B and C according 
to the rules shown above, it is possible to obtain an estimate of 
the relative severity of their criteria in marking these responses 
plus or minus. 19% of A’s definitions were corrected, the cor- 
rection in all cases being from minus to plus. 11% of B’s 
definitions were corrected, all of the corrections being from plus 
to minus. 17% of C’s definitions were corrected, three fourths 
of them being changed from plus to minus, and one fourth from 
minus to plus. C’s standards changed during the course of the 
experiment, so that at first, with older subjects, he was too 
lenient, while later, with younger subjects he was slightly too 
severe. The tendencies of A and B remain constant throughout 
the experiment, A marking too severely and B slightly too len- 
iently. The differences between the experimenters hold constant 
for both sexes. The experimenters agreed on all definitions by 
use, the cases of disagreement coming on the definitions superior 
to use. 

One test in which variations between the experimenters might 
be expected is that of copying the diamond. In this test, al- 
though the apparatus and procedure were the same, the experi- 
menters had very little to guide them in forming their judgments 
of passed and failed. The instructions given (“The result is 
considered satisfactory if it would be recognized as intended 
for a diamond shaped figure’), and the examples published 
furnish very vague criteria. 

In order to determine the effect of the personal equation of 
the experimenters in giving credit on this test, all of the repro- 
ductions of the diamond obtained in the Princeton and Trenton 
experimenting, (311 in number), were first transcribed and then 
ranked. On the sheet containing the copy only the subject’s 
number was placed, so that the person ranking the reproductions 
was in ignorance of the experimenter by whom it was obtained, 
the mark that the experimenter had given it, and the age, grade, 
sex, etc. of the subject. The 311 diamonds were then classified 
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into six groups by one observer. The classification, at best, was 
vague and indefinite, but it represented the unbiased judgment 
of a single person. Inasmuch as the reproductions were classified 
and re-classified a great many times, small errors in the classifi- 
cation would be counterbalanced. 

The first group contained fairly accurate reproductions of the 
original, diamonds of approximately the same size as the copy, 
having the sides and opposite angles nearly equal, and with a 
proper proportion between length and width. The second group 
contained figures inferior to those of the first group in size or 
symmetry, but representing a fairly high grade of ability. The 
reproductions that were less symmetrical than those of the second 
group were classified in the third and fourth groups. Figures 
showing some inequality between length and width were classified 
in the third group, while those of approximately unit proportion, 
square shaped figures, were classified in the fourth group. The 
reproductions placed in the fifth group were figures less sym- 
metrical than those of the fourth group, and figures which had 
curved sides and rounded corners. The sixth group contained 
all figures which it would have been difficult to have recognized 
as intended for a diamond, figures having three, five or more 
sides, circles, elipses, unfinished lines and eccentric figures. 

The above classification did not offer an opportunity for a 
sharp grading between one group and another, but in general, 
the reproductions placed in the various groups from the first to 
the sixth, represented a decrease in the ability to copy the dia- 
mond. The justification of the method was not in the accuracy 
of the classification, but in the fact that the material was all 
classified by one observer (B), in such a way that he was in 
ignorance of the original rank that had been given the repro- 
duction, of the experimenter who graded it, and of the character 
of the subject. 

16% of the reproductions were classified in the first group, 
21%. in the second group, 20% in the third group, 17% in the 
fourth group, 9% in the fifth group, and 17% in the sixth group. 
(The irregularity of the distribution is due to the presence of 
the diamonds drawn by the Trenton subnormal group. ) 
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After classifying all of the reproductions the ranks given to 
them by the different experimenters were then compared with 
the group in which they were classified. That the sliding scale 
classification used represented real differences between the re- 
productions is shown by the relative certainty of the experi- 
menters’ judgments. None of the reproductions classified in © 
the first and second groups were ranked as failed by the four 
experimenters, while only one reproduction in the third group 
was ranked minus. 18% of the fourth group, 45% of the fifth 
group and 77% of the sixth group were ranked as failures. All 
of the sixth group diamonds that were ranked plus (23% ), were 
so ranked by one experimenter, A. 

To obtain a general estimate of the relative severity of the 
experimenters’ criteria in making their judgments of passed or 
failed, the diamonds obtained by each experimenter from boys 
and girls were classified according to rank, plus or minus, and 
according to their group in the classification. From this it was 
possible to obtain an estimate of the passing mark of each ex- 
perimenter. For example, the boys of experimenter B passed 
the test 72% of the time according to his ranking. Had B given 
credit for the first five groups and failed only the reproductions 
in the sixth, i. e., had his passing mark been the fifth group, 
88% would have passed. Had his passing mark been the fourth 
group, 81% would have passed. If it had been the third group, 
72% would have passed, while only 56% would have passed had 
it been the second group. Since 72% of B’s subjects actually 
passed the test, his passing mark was the third group—in the 
long run, he would pass all diamonds in the first three groups 
and fail all in the last three. The differences between the experi- 
menters on this basis are quite marked. The passing mark for 
C and D was the fourth group, while A’s passing mark was the 
fifth group. B was the most severe, and A was the most lenient, 
with C and D between the two. The results were the same for 
both sexes. 

Another test in which the influence of the personal equation 
might be looked for is that of copying designs from memory. 
The experimenter must here use his own judgment in marking 

















VARIABLE FACTORS IN THE BINET TESTS 23 


the designs passed or failed. Very little guidance is given by 
Binet’s rule, which reads, “The test is considered passed when 
one of the designs is reproduced exactly, and half of the other 
is correctly drawn”, or by the interpretation of this “half right” 
as applying “when two component parts are transposed or one 
component part omitted”’. 

In order to test the experimenters’ judgments in ranking this 
test, a scoring system was devised, which may be explained by 
reference to Figure 1, which gives the original copy and various 
duplicated portions. In scoring the reproductions of the pyramid 
section, 5 points were given when the reproduction of the asym- 
metry of the figures was nearly exact, as in no. I, 4 points for 
a less perfect reproduction as in no. 2, and 3 points for a repro- 
duction in which the rectangle fell in the center of the figure, 
as in no. 3. I point was deducted from this score for each 
failure to connect the corners-of the rectangles as in no. 4 (which 
is modified from no. 3 and would therefore receive only 1 point), 
and no credit was allowed for “boxes” (no. 5), and other eccen- 
tric figures. 

In scoring the more complicated design, 4 points were allowed 
for each of the “posts”, ABCDE and JKLMN, or no. 6. 2 points 
were deducted for turning them in the wrong direction as in 
no. 7, (which is “post’” ABCDE turned in the wrong direction), 
2 points for failure to make the line AB penetrate DE as in 
no. 8, so that a combination of these errors, as in no. 9, would 
receive no credit, along with other eccentric reproductions as 
in nos. 10 A, B, C, D, E and F. 1 point was given for each 
of the lines EF and IJ, and 5 points for the “hump”, FGHI. 
A continuous line from E to J as in no. 11 would therefore re- 
ceive no credit, while a division of the lines, without the portion 
FGHI, as in nos. 12 or 13, would receive 2 points. An accurate 
reproduction of the portion EFGHI]J, as in no. 14, would receive 
full credit for all parts, 7 points, no credit being allowed for 
eccentric reproductions of the “hump” as in nos. 15 A, B, C 
and D. 

The maximum credit for the test is 20 points, divided between 
the two figures on the proportion of 5 to 15, a fair proportion 
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Fic. 1. Method of Scoring Test of Copying Designs from Memory 


(in the writer’s opinion) according to the relative difficulty of 
the parts. A design with “one component part omitted” would 
be scored 13 points according to this system, and one with “two 
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component parts transposed”, 16 points, provided that the repro- 
ductions of the pyramid section were perfect in each case. 

All the reproductions of the designs obtained from the Prince- 
ton and Trenton experimenting were then scored according to 
this system. The score of each subject of each experimenter 
in the Princeton series was then compared with the experi- 
menter’s ranking, which was recorded on the same sheet, and 


which was not seen at the time the designs were graded by tlie 
point system. From the number of times the test was giver, 
and the number of times it was marked passed by the experi- 
menter, the percentage passed was obtained for each experi- 
menter for both sexes. The scores from all the designs from 
O to 20 were then classified according to the judgment passed or 
failed as given by each experimenter on subjects of both sexes. 
It was found that there were certain ranges where the experi- 
menters’ judgments coincided accurately, i. e. in the very low 
scores and in the very high scores. A certain range existed, 
approximately from 10 to 15 points, in which the same results 
would sometimes be ranked as passed and failed by the same 
experimenter at different times. 

It was possible, however, to obtain a general estimate of the 
experimenters’ criteria by a method similar to that used in the 
study of the diamond test. For example, B gave the test to 
boys 48 times, passing 40% of them. Had his passing mark 
been 18 (i. e. had he passed all subjects whose designs scored 
18 points or better), 21% would have passed. Had his passing 
mark been 15 points, 35% would have passed. Had it been 13, 
42% would have passed etc. B’s passing mark would therefore 
fall between 13 and 15 points. In this way, by calculating the 
percentage passed at each score for each experimenter for both 
sexes, it was possible to obtain the passing mark of each group. 
The passing marks coincided very closely except in one case. 
With one exception the passing marks were around 12, 13, 14 
or I5 points, for the boys and girls of all experimenters, 1. e. 
the experimenters would, in the long run, rank all below this 
level minus and all above this level plus. The degree of cor- 
respondence was quite remarkable considering the fact that the 
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experimenters had very little on which to base their judgments. 

The one exception is both striking and suggestive. C’s pass- 
ing mark for boys was I5 points, for girls 8 points. In order 
to receive a plus from C, boys would have to draw a much more 
accurate design than girls, or, in other words, a very faulty 
reproduction drawn by a girl would receive credit, while the 
same reproduction if drawn by a boy would invariably be failed. 
This deviation rests on a small number of cases. A gave the 
test to 24 boys and 21 girls, B to 48 boys and 33 girls, C to 28 
boys and 22 girls, and D to 36 boys and 31 girls. A’s results, 
although resting on a number of cases as small as C’s, show no 
such deviation as those of the latter. On account of the small 
number of cases, this finding cannot be considered definite. It 
does, however, suggest the possibility of a difference in the ex- 
perimenters’ reaction to the sexes. An experimenter may show 
greater leniency to one sex than to the other, so that a supposed | 
sex difference may be the results of an experimenter’s reaction 
to the sex, rather than the sex’s reaction to a test. 

The test of using three words in a sentence (Philadelphia, 
money and river’) was given 279 times, and the sentences given 
by the subjects were recorded over half the time. Experimenter 
A gave the test 53 times, recording the result 36% of the time. 
B gave the test 95 times, recording the answer in 92% of the 
cases. C gave the test 56 times, recording the answer 23% of 
that number, and D gave the test 75 times, recording the response 
in 439% of the cases. 

To obtain a check on the accuracy of the experimenters’ scor- 
ing of this test, all of the recorded sentences were transcribed so 
that they could be studied and ranked without reference to the 
subject or the experimenter. The 162 recorded sentences were 
then marked plus or minus by one observer (B). This ranking 
was checked several times and then compared with the original 
ranking. 

There was no disagreement between the judgments of the 
four experimenters and the one impartial observer in marking 
responses for the “ten year” credit. In marking for the “eleven 
year” credit, there were 8 disagreements out of the 162 judg- 
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ments, the 8 variations being evenly distributed among the ex- 
perimenters. It may be concluded, then, that the influence of 
the personal equation is absent in this test, although there is 
ample opportunity for variation. 

The detailed study of the foregoing tests has shown that the 
personal equation of the experimenters has a marked effect on 
the results of some of the tests. In the subsequent correlation 
of the tests with grade and sex the corrected score of these tests 
will be used. Only those definitions will be used which were re- 
corded by the experimenters, and the ranking of the one observer 
will be followed. All reproductions of the diamond in the fifth 
and sixth group will be scored as failed, the others as passed. 
A reproduction of the designs scoring 15 or more points will 
be ranked as passed. The corrected results of the sentence test 
will be used. 

To show that the effect of the personal equation of the experi- 
menter is present or absent in the tests on which there is no 
actual record of the subject’s response, is a more difficult prob- 
lem. The most reliable method of showing the influence of this 
factor is that in which the reactions of similar groups of sub- 
jects, examined by different experimenters, are studied. The 
greater the similarity of the groups the more reliable the results. 
If two experimenters each examined 50 boys of 12 years of age 
from the sixth grade, their results should compare closely, and 
any difference could immediately be referred to a difference in the 
personal equation. However, if one examined boys from this 
grade and the other girls, the variations might be explained on 
the basis of sex differences. In the same way the results may 
vary with the age of the subject, and with his grade and nation- 
ality. 

It is not possible in this study to obtain groups of a sufficient 
degree of similarity, in spite of the small number of children 
of non-English speaking parents, and the fact that the sexes may 
be treated separately. The subjects vary in age from 4 to 16, 
and in grade from the kindergarten to the sixth grade. A ex- 
amined a very much younger run of subjects than B, C and D. 
The data of the four experimenters were treated by three meth- 
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ods, by comparing the per cent. that all boys and girls of each 
experimenter passed each test, by comparing the per cent. that 
selected subjects of each experimenter passed each test, and by 
comparing the per cent. that all subjects from 5 to 9 and from 
10 to 13 passed each test. The sexes were separately treated in 
each method. None of the methods proved satisfactory, and it 
was found to be impossible to obtain an accurate quantitative 
estimate of the effect of the personal equation on each test. In 
certain of the tests, however, there were known differences of 
procedure which might have influenced the results, while the 
variations in the results of certain other tests were so striking 
that definite conclusions could be drawn. 

One possible source of variation was the use of alternative 
questions in several of the tests. When an entire school system 
is examined, and the children learn that they will all be tested, 
the possibility is always present that they will inform each other 
of the nature of the tests, and the answers to some of the ques- 
tions. The alternative questions were used to counteract the 
influence of this factor. 

In the test of detecting absurdities in statements, ten or eleven 
statements were used, the experimenter choosing the five that 
he would give the subject. The statements varied greatly in 
difficulty and the experimenters did not use the same selection 
throughout the experiment. This test was given by B to 26 
girls whose average age was 10.6 years, while D gave the test 
to 25 girls whose average age was 10.9 years. 65% of the girls 
examined by B passed the test, while only 36% of D’s group 
passed. The variation between the experimenters might be due 
to the selection of absurdities of unequal difficulty, or to different 
criteria in grading the responses. The sources of variation are 
too large to admit of obtaining any reliable results from this test 
in correlating it with grade and sex. 

75% of the girls to whom B gave the test of reconstructing 
dissected sentences passed, while only 28% of C’s girls passed. 
The average age of the 26 girls to whom B gave the test was 
10.8 years, and the average age of C’s subjects 10.5 years. Part 
of the difference between these two experimenters is due to the 
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fact that more of B’s subjects came from the fifth and sixth 
school grades. Some variation might have been due to different 
apparatus, B using cards with the sentences printed on two lines, 
while C had the sentences typewritten on one line. The sentences 
used by B were more legible, and, being broken into two lines, 
it was easier to grasp the individual parts as discrete units. Each 
experimenter used six sentences of varying difficulty so that some 
variation might be expected from the selection of the three sen- 
tences for the test. Whatever the cause of the discrepancy be- 
tween the results of the two experimenters, it is obviously 
impossible to obtain any reliable conclusions concerning the cor- 
relation of this ability with age, grade or sex, on account of the 
presence of so many variable factors. 

Three problems were used in the test of making change, 
20c — 4c, 25c — 6c and 25c — ge, the process of subtraction 
involved in each being of unequal difficulty. Certain variations 
occurred in the tests of comparing remembered objects and com- 
prehending easy and difficult problem questions. Alternative 
questions were used in both of these tests, and variations might 
occur due to the relative severity of the experimenters’ judg- 
ments in marking the responses passed or failed. None of the 
tests in which alternative questions were used will be treated in 
the subsequent discussion of the results. 

At the close of the experiment, it appeared that a difference 
of procedure had existed between A and B in the test of indi- 
cating omissions in pictures. A and B both showed the three 
faces first, and the figure with the arms missing last, according 
to the standard procedure, but A, if his subjects failed to detect 
the parts omitted from the faces, would give them another trial 
after they had detected the missing arms. A gave this test to 
51 boys and 33 girls, B to 30 boys and 30 girls, his subjects 
averaging about a year and a half above those of A. The test 
was passed by 76% of A’s boys and 97% of A’s girls, but by 
only 60% of B’s boys and 63% of B’s girls, showing that the 
difference of procedure had a most striking effect on the results. 
It is interesting to note what the effect of a difference of this 
magnitude would mean if the material from this test were used 
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as a basis of assigning it to the proper “age group” in the scale. 
If a test is to be considered normal for a given age if it is passed 
by 75% of the non-selected school children of that age, the test 
of indicating omissions in pictures would be a “six year” test 
for A, and an “eight year” test for B. The data from this test 
will not be treated in the subsequent discussion. 

In the analysis of the results of the definitions test, it was 
found that certain differences existed between A, B and C in 
scoring the responses of the subjects as superior to use. No esti- 
mates could be made concerning D, for he did not record the 
actual responses. B, C and D gave this test to approximately 
the same range of subjects, averaging about 9 years. The cor- 
rected results of B and C show, in all, 28% of their subjects 
giving definitions superior to use, while 65% of D’s subjects pass 
this test. Obviously D was very much more lenient than B and C. 
} The influence of the personal equation may or may not be 
present in the remaining tests. In the opinion of the writer it 
is not present to any marked degree. The data of the four ex- 
perimenters were treated in several ways, and in none of these 
was it possible to demonstrate this influence. The writer’s opin- 
ion, however, is more or less certain according to the test. The 
tests of repeating digits might show a slight difference between 
C’s results and those of the other experimenters, a difference 
which could be explained by reference to the rate at which the 
digits were spoken. The results of experimenter D are slightly 
lower than those of the other experimenters in the tests of 
naming 60 words in three minutes and naming rhymes. Whether 
these differences are real or not, the writer does not know. The 
data from these tests are included in the subsequent study. 

In the subsequent treatment of the results in terms of grade 
and sex, the material from the following tests will be treated. 


VI-2 and IX-2, Defining in terms of use and in terms superior 
| to use. 

VII-1, Counting 13 pennies. 

VII-2, Describing pictures. 

VII-4, Copying diamond. 

VII-5, Naming four colors. 
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VIII-2, Counting backward from 20 to o. 
VIII-3, Enumerating the days of the week. 


VIII-4, Counting stamps (three singles and two doubles). 
VIII-5, X-3 and XII-1, Repeating 5, 6 and 7 digits. 
IX-3, Naming the day and date. 
[X-4, Enumerating the months. 
X-1, Naming the pieces of money. 
X-2, Drawing designs from memory. 
X-5 and XI-2, Constructing a sentence, containing one or two 
ideas from three given words. 
XI-3, Giving 60 words in three minutes. - 
XI-4, Giving rhymes with “day”, “mill” and “spring”. 

The treatment of the results of the definitions test will be 
confined to the recorded and corrected definitions of A, B and C. 
The results from the diamond test are based on the scoring sys- 
tem outlined, the passing mark being the fourth group unless 
otherwise indicated. The arbitrary point system of scoring the 
design test is used in the subsequent calculations, the passing 
mark, unless otherwise noted, being 15 points. The corrected 
scoring of the sentence tests will be used. 

The foregoing study of the effect of the personal equation 
shows conclusively that in certain tests this influence is present 
to a very marked degree. The errors involved may be traced 
to three sources, to the apparatus used, to the technique of the 
experimenters in giving the tests, and to the experimenter’s ob- 
servation in marking the test passed or failed. © 

The error due to apparatus may result from a variation in the 
material itself, or from the calibration of different sorts of ma- 
terial as equal in difficulty, e. g—alternative questions. The 
variation in the material used by B and C in the test of recon- 
structing dissected sentences illustrates the error due to defect 
in the material. The writer has seen apparatus for the line sug- 
gestion test in use, in which the last three pairs of lines were 
actually unequal, the difference between the pairs being above 
the threshold of discrimination. The subject with good dis- 
crimination will invariably fail this test when this faulty ap- 
paratus is used. 


The error due to the use of alternative questions is more 
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common and therefore has more practical significance than de- 
fects in the material itself. There is a strong temptation for 
an experimenter, who believes a certain question to be unfair, 
to substitute another which seems to him to be of the same diffi- 
culty. In the study of the Trenton results, which will follow, 
it will be shown that the different questions included under the 
same test are not of the same difficulty. The question, “What 
would you do if you were delayed in going to school?” was 
passed by practically none of the normal children of 12, 13 and 
14. If this question is changed to Goddard’s (28) interpreta- 
tion, ““What ought one to do if he is afraid he'll be late for 
school ?’’, the test is easily within reach of the 12 year children. 
The difficulty in the first test is caused by the word “delayed”. 
Changing the structure of the test changes its nature completely. 
In this connection it is to be regretted that Town (72) in the 
appendix of her translation of Binet’s 1911 scale, has changed 
the wording of some of the tests from that in the actual body 
of the translation. For example, the question “What would 
you do before taking part in an important affair?” (page 47) 
is changed to “Before taking part in something very important, 
what would you do?” (page 78), and “Why is a bad action 
done when one is angry, more excusable than the same action 
when one is not angry?” (page 47), becomes “Why do we 
more easily pardon a bad act done in anger than a bad act done 
without anger?’”’, (page 79). The meaning is the same but the 
wording different, and in many cases success or failure in a 
test depends on the interpretation of a single word. If an ex- 
perimenter using Town’s translation were allowed to select his 
questions from the actual translation or the appendix indiscrimi- 
nately, variations would, in all probability, result. The general 
proposition that there is no such thing as an alternative question, 
i. €. a question involving the same mental processes and having 
the same difficulty as another, could very easily be maintained. 
To avoid this error experimenters should adhere strictly to one 
wording and should never be allowed to substitute one question 
for another. 

An example of the influence due to differences of the tech- 
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nique of the experimenters in giving the tests is afforded by the 
test of detecting omissions in pictures. This test is a “six year” 
test for A and an “eight year” test for B. Differences in pro- 
cedure make it very difficult if not impossible to compare the 
results of one investigator with those of another. To eliminate 
this error, very careful and minute instructions should be pub- 
lished for the giving of each test. No edition of the Binet- 
Simon scale is entirely satisfactory in this particular. 

Examples of errors due to the observation of the experi- 
menters are afforded by the tests of copying a diamond and 
defining in terms superior to use. Errors due to observation 
may be avoided or minimized by increasing the number of grades 
of response with which the particular response in question may 
be compared. This principle is followed by Yerkes (82) in the 
arrangement of the Point Scale. In the diamond test, for ex- 
ample, Yerkes allows three grades of response while Binet al- 
lows but two—plus or minus. The accuracy of any measure 
increases with the number of gradations on the measuring scale, 
and the significance of the error of observation is diminished 
by decreasing the chances of wide displacement. In the tests 
in which a definite question is put to the subject, uniformity of 
scoring may be obtained by an accurate and painstaking catalogu- 
ing, and a subsequent classification and weighting of all the 
responses of a large number of subjects to each question. If the 
responses to a free association test may be classified into a re- 
latively small number of groups, then the responses to a restricted 
association test could be classified into a much smaller number 
of groups. A sufficiently large number of responses will include 
practically all possible responses. In this way the chances of 
the error due to observation are diminished, while the adoption 


of a point system of scoring will minimize the effect of any errors | 


that might be made. 

The differences between the experimenters in this study are 
large enough to demonstrate the influence of the personal 
equation. Scientific procedure demands that the investigator 
who studies the results of the individual tests for the purpose of 
analysing the factors involved or for obtaining age norms should 
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demonstrate that the effect of the personal equation is not present 
in the results treated. The burden of proof should be on the 
person who maintains that the influence is not present. Negative 
results concerning the influence of the personal equation that 
are based on the method of comparing the total scores or “mental 
ages” of different experimenters should not be taken as conclu- 
sive, inasmuch as the experimenters may deviate in one direction 
in one test, and in the opposite direction in another, so that in 
a total score these deviations might equalize. In a study of this 
sort made on the basis of “mental ages,” which has previously 
been reported, the writer (14) found no deviations between B. 
C and D, while deviations between these three experimenters do 
appear in the more detailed study of the individual tests. Studies 
of the individual tests can have no claim to reliability unless the 
personal equation has been eliminated. 

The importance of the personal equation as a source of error 
in making diagnoses on the basis of the “mental age’ of the 
subject is universally recognized by psychologists and almost 
universally ignored by medical men, field workers, school teachers 
and others who have had no experience in making mental meas- 
urements. Among psychologists there are two opinions concern- 
ing the solution of the difficulty arising from this source, the 
first, that of making certain allowances for the inexpert ex- 
aminers or establishing limits within which their opinions are 
valid, the second, that of removing the scale from their hands 
entirely. ‘ 

Doll (22) in discussing criticisms of the Binet scale on the 
ground that diagnoses of normality and feeble-mindedness are 
made by inexpert examiners urges “that those who are capable of 
doing good Binet testing of the mechanical sort without being 
clinical psychologists should report the findings of their examina- 
tions of children or groups in tables of related chronological and 
mental ages and not in terms of normality or abnormality. In 
their reports they can say with a high degree of certainty that 
those children who show an intellectual retardation of more than 
3 years are feeble-minded, but they should not say that those 
who test less than 3 years retarded are backward or normal. In 
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the lesser degrees of retardation only the expert is capable of 
evaluating the details of a Binet test with any finality as to either 
diagnosis or prognosis.” (page 607). 

Doll also points out that Binet examiners who have worked in 
institutions give very reliable diagnosis, for they intuitively sense 
distinctions which inexpert laymen do not see. When the re- 
sponsibility for the diagnosis is placed on the examiner in this 
way, the scale it treated as a qualitative instrument. This stand- 
point is quite different from that in which certain allowances are 
made for all inexpert examiners and the quantitative character of 
the scale preserved. Goddard (31) in a study of the personal 
equation based on re-testings of normal and feeble-minded in- 
dividuals fixes the quantitative limits somewhat higher. “In all 
cases where a child tests four or more years behind his age, there 
is little danger of error in considering him feeble-minded, even 
though the test was made by a person who was not highly expert, 
provided such a person is able to use the test with reasonable 
intelligence. With the borderline cases, those who are two or 
three years backward, the best expert should be employed in 
the testing.”’ (pages 76-77). 

As early as 1910, before the scale had received very extensive 
application, Huey (35) took the stand that inexpert examiners 
should not use the scale. In discussing this point he said, “I 
would urge that these Binet tests must be used with judgment 
and trained intelligence, or they will certainly bring themselves 
and their authors into undeserved disrepute-—Results can be con- 
sidered valid only when the tests are made by an experienced 
psychologist who has familiarized himself with Binet’s directions, 
or by other competent persons who apply the tests under the 
direction and supervision of such a psychologist.” (page 444). 

Three years later, in referring to the reports that the medical 
inspectors in Pittsburgh were to take over the Binet testing in the 
schools, Whipple (78) says, “And we can only express our hopes 
that these reports are unfounded, or that at least those in au- 
thority may be led to understand that for a person, whoever he 
may be, without extensive psychological training to attempt to di- 
agnose the precise mental status of a school child is about as 
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absurd as for a mere psychologist to attempt to diagnose in- 
cipient tuberculosis or any other obscure pathological condition.” 


(page 302). The same position is taken by Whipple (77) in 
another editorial. “We have no quarrel with the use of the 
scale in the public school: properly used, it is of direct and 
practical value; but improperly used, it will become a farce which 
can but bring discredit upon psychology and retard the movement 
for its application to educational practise.” (Page 119). 

In defense of this position, Whipple calls attention to an error 
inherent in the procedure of all inexpert examiners. “There is 
nothing about the conduct of the Binet-Simon tests that is in- 
trinsically difficult, yet there is a source of error inherent in the 
use Of any psychological procedure, which, as experience shows, 
is surmountable only by drill in psychological experimentation. 
I refer to the difficulty of following directions. No one who has 
drilled students in the laboratory has failed to be struck with the 
impossibility of laying down fool-proof directions for the conduct 
by an amateur of a psychological test.” (Page 119). 

Kuhlmann (43) agrees with Whipple in this position. “The 
untrained examiner meets difficulties because he lacks the follow- 
ing: (a) Familiarity with the directions for giving the tests. 
(b) Familiarity with the rules for interpreting the responses of 
the children. (c) Ability to adapt the procedure in testing in 
special instances for which directions can not be given. (d) 
Ability to interpret responses in special instances for which 
rules can not be given. (e) Ability to adapt himself in attitude 
to the mental levels of children of different ages so as to obtain 
the best efforts from the child in each case. (f) General ap- 
preciation of the absolute necessity of adhering strictly to all 
rules of testing, and of careful, painstaking work. These 
deficiencies are of quite different degrees of importance. The 
last is, on the whole, the most serious and most frequent, and 
can be remedied only by extended laboratory training.” (Pp. 255 
and 256). In regard to the quantitative allowance that must be 
made for inexpert examiners, Kuhlmann’s article affords the 
following, “The amount of error made by an examiner because 
of his lack of training seldom equals two years in the mental 
age; in the majority of cases it is less than one year.” (Page 256). 













































IV. GRADE CORRELATIONS 


The correlation between intelligence, as measured by the Binet 
scale, and school performance, as measured by age and grade 
standing, has been worked out by various investigators. In all 
cases intelligence was measured by the “mental age” or total 
score of the Binet tests, and pedagogical age by assuming that all 
children begin school at a certain age and should therefore be in 
certain grades at certain ages. Stern (62) has reviewed the 
work of Goddard (30), Binet (4), and Bobertag (10) in this 
field, with the general conclusion that the correlation is only 
moderately high. The number of children showing mental 
advance is in excess of those showing pedagogical advance, but 
very rarely do children showing pedagogical retardation show 
mental advance. The correlation is one-sided in that “inference 
from school performance to mental ability is safer than from 
mental ability to school performance.” (Page 61). Stern ac- 
counts for the discrepancies on the ground that “performance 
in the school depends not only upon intelligence, but also upon 
certain other and quite different factors.” (Page 63). These 
factors are strength of memory which plays a large part in 
school performance but correlates only to a moderate degree 
with intelligence, and other factors that have nothing to do with 
intellect but belong largely in the domain of the will—‘the 
degree and duration of attention, industry and conscientiousness, 
sense of duty and capacity to fit into the social group.” (Page 63). 
Stern concludes that “the lack of agreement between tests of in- 
telligence and school performance is really calculated to increase 
our confidence in the psychological test-methods,”’ (Page 64) 
that absolute correlation is not to be desired since that would 
mean that the tests were testing school performance only, and 
that the measure of intellectual ability was the school performance 
itself, the tests being superfluous. 

More recently, Schmitt (57) has reviewed the work of God- 
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dard, Terman and Childs (66) and Dougherty (23) in corre- 
lating intelligence, as measured by the Binet scale, and school 
performance, and reaches conclusions quite opposite to those of 
Stern. The following quotations from Schmitt’s monograph ex- 
plain her view point. “Further doubt is cast upon the accuracy 
of the tests by the fact that judgments arrived at through their 
application do not coincide with that of the school concerning the 
same subjects.” (Page 57). Concerning this lack of correlation. 
Schmitt writes “The Binet tests, therefore, while professing to 
test native ability are concerned very little with the education 
which all normal children have the native ability to acquire, 
and which is of much importance in civilized life.” (Page 60). 
To the investigations cited Schmitt has added one of her own, 
in which the lack of correspondence between the Binet “‘mental 
age” and school grade is shown. 

The writer is of the opinion that the method of correlating 
school performance with “mental age” fails to demonstrate either 
the adequacy of the Binet tests according to Stern, or the com- 
plete inadequacy of the tests according to Schmitt. For the 
demonstration of this point Schmitt’s investigation may be dis- 
cussed, inasmuch as it shows the most striking deviations between 
the measures of the two performances.: Schmitt applied Binet’s 
I911 scale (Town’s translations with modifications) to 150 
children of superior social status. The following quotations in- 
dicate the status of the subjects. “The children who served as 
subjects for the tests comprised the Kindergarten and first six 
grades of a private school in Chicago.” “They were the chil- 
dren of the professional class mainly. A few were children of 
successful business men who sought the best obtainable type of 
education for their children.” (Page 2). The tests were ap- 
plied at the close of an examination with the Healy-Fernald tests 
under rather unfavorable conditions as indicated by the follow- 
ing quotations,—“In the conduct of the two sets of tests the 
Binet-Simon tests were reserved for the last. By the time they 
were reached the child had been doing tests for an hour or more. 
In some cases there was too much restlessness and fatigue to 
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carry the child as far as the majority of his comrades in his 
grade were able to go and the tests were then discontinued.” 
(Page 68 and 69). 

The tests in the various age groups given to each grade were 
as follows,—Kindergarten, tests for V, VI, VII, VIII and IX 
years ; Grade I, tests for V, VI, VII, VIII, IX, X and XII years; 
Grade II, tests for VI, VII, VIII, 1X, X, and XII years. Grades 
III and IV, tests for VIII, IX, X and XII years; Grade V, tests 
for IX, X, XII and XV years; Grade VI, tests for XII and XV 
years. The “Adult” tests were also given to Grade VI as a 
class-room test. 

Schmitt compared three measures, chronological age, school 
grade age and “mental age’. The “mental age’, in case a sub- 
ject passed all tests in one group and failed one or more in a 
lower group, could be reckoned from two basal ages, these 
alternative rating being included by Schmitt. The summary of 
the results is as follows,— Comparing the Binet age to the 
chronological age, 14 (or 20)% are retarded, 26 (or 24)% are 
normal, and 58 (or 54) % are advanced. Comparing the school 
grade to the chronological age, (using 5 to 6.5 years as the nor- 
mal age for the Kindergarten, 6.5 to 7.5 for Grade I etc.) 38% 
are retarded, 56% are normal and 4% are advanced. Comparing 
the Binet age to the school grade age, 2 (or 4)% are retarded, 
25 (or 35)% are normal and 72 (or 60)% are advanced. The 
essential discrepancies are indicated by Schmitt by the follow- 
ing,— ‘Where the school grading shows 4% advanced over the 
normal for the chronological age, the Binet grading shows 58% 
over the chronological age and 72% over the age normal to the 
school grade.” (Page 80.) The discrepancies thus indicated, 
although much larger than those of other investigators, agree 
with the general trend of results in that more children are shown 
to be advanced according to the Binet mental age than according 
to the school grade age. The results disagree with those of 


other investigators in finding a higher per cent. advanced by 
Binet age compared to chronological age. 


The inadequacy of the methods employed in the investigations 
of Schmitt and others is seen when the measures are separately 
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studied. The use of the normal grade age as a measure of 
scholastic ability is false inasmuch as it rests on the assumption 
that all children enter school at a certain age, which is not the 
case. The measure of scholastic ability is the measure of the 
child’s reaction to the subject matter of the grades, and that 
measure may be expressed only in the fact of promotion, non- 
promotion or (very rarely) double promotion, in other words, 
it may be expressed only in the relation of grade to the length 
of time in school. Furthermore, the two measures of scholastic 
ability, the age in grade method, and the grade progress method, 
are measures of an historically past performance not of present 
possibilities, and the true measure of an ability must indicate 
potential ability. 

As measures of scholastic ability in terms of actual reaction, 
these measures present a distribution of general ability that is 
skewed toward the lower end, or in the direction of no ability. 
If a child enters school late, he presents a picture of retardation 
according to the age and grade method, while through any num- 
ber of causes independent of intellectual ability, a child may 
present a retardation of at least a year according to either method. 
The possibilities for advancement are not as great, however, for 
advancement means forcing a child through a mass of subject 
matter, a process which the school is generally unwilling to 
undertake and the parent is generally unwilling to sanction. The 
school therefore presents a picture of ability in which promotion 
is normal, and non-promotion far more frequent than advance. 
If general ability is to be considered as distributed over any sort 
of a frequency surface, that surface will not take the form 
presented by the school measure in which the modal ability is 
almost completely the upper limit. 

The measure of “mental age” has been shown to be one which 
varies from one chronological age to another in the form of its 
distribution. Normal children of 6 or 7 test over age, while 
those of 11 and 12 test under age. This abnormal distribution 
is due to two facts. In the first place, the tests in the younger 
years are too easy and those in the higher years are too difficult. 
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In the second place, the younger children have a wider range 
of tests beyond their average ability, so that exceptional sub- 
jects may display exceptional ability in a manner that is im- 
possible if ability is measured by school progress, while older 
children have only a few tests within their range, the picture 
of advancement being excluded as in the measure of school 
ability. If the mental ages of a run of subjects of different 
chronological ages are combined, the frequency surface is nor- 
mal, the error of the extremities balancing. 

The investigators who have compared “mental age” with grade 
age, have compared two distributions, one of which is markedly 
skewed, the other normal, but false. The resulting finding of 
mental advance in excess of pedagogical advance has significance 
only insofar as it shows that a measure of general ability that 
will admit of exceptionally high performance is a better measure 
than one that precludes the possibility of such performance. The 
only significant finding is that pupils who show marked retarda- 
tion in school rarely if ever show mental advance. 

Applying the foregoing discussion to Schmitt’s results in par- 
ticular, all that has been said concerning the inadequacy of the 
age in grade method applies to her results. The age for enter- 
ing school being 5, none of the subjects in the Kindergarten could 
be advanced, while those who entered late would be retarded. 
It is difficult to see how these young children would be able to 
make up their work in such a way as to show advance during the 
first two or three school years. The normal age for the sixth 
grade is from 11.5 to 12.5 years. Inasmuch as no grades were 
tested above VI, none of the 37 subjects from 11.5 to 14.5 could 
show an advance, and all of the 19 subjects from 12.5 to 14.5 
would necessarily show retardation. Schmitt’s results differ 
from those of other investigators in finding more subjects ad- 
vanced according to Binet age in relation to chronological age. 
This deviation is probably due to the fact that she examined a 
superior selection of subjects, and to the fact that the XV year 
and “Adult” tests were used, so that the older subjects, who in 
general fall below their chronological age, had an opportunity to 
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better their scores. The discrepancy shown by Schmitt between 
school standing and the Binet tests does not demonstrate the 
inadequacy of the tests. 

The final demonstration of a correlation between the Binet 
scale and school grade, rests not in comparing the total score or 
“mental age’ with school grade, for that is susceptible to the 
errors of over-estimation and under-estimation according to vary- 
ing chronological age, but in comparing the results of subjects 
in each grade on the individual tests. The tests may vary in 
their correlation with grade. Inasmuch as there is a general 
growth in age with grade, and a corresponding growth of in- 
telligence with age, a test, in order to be an adequate test of 
intelligence, must show a correlation with grade. If the correla- 
tion is too high, however, the value of the individual test is in 
question for it would then be testing, not intelligence, but grade 
training. This criterion was actually used, though not stated, 
by Binet in his discussion of the results of Decroly and Degand 
(19), and in his revision of the 1908 scale, in which many of 
the tests that he considered to relate to school training were 
eliminated. 

Studies of the individual tests in the light of school grade are 
not available. Decroly and Degand published in 1910 the re- 
sults of an investigation on 45 children in a Brussels school, 
similar in character to that studied by Schmitt in Chicago. Binet 
discussed these results and those of other minor investigations in 
the Paris schools in considering the effect of environment on 
the results of the tests. Although he referred to school training 
as a factor, and classified the tests in which Decroly and Degand’s 
subjects were superior, he gave no quantitative demonstration of 
the effect of this factor. The results of Decroly and Degand 
are based on too few subjects to admit of quantitative treatment. 
Chotzen (18) studied the tests by comparing the performance of 
feeble-minded individuals of the same mental age but of different 
chronological age. Although this method shows the effect of 
environment and maturity on feeble-minded individuals, it does 
not bear directly on the factor of school training. The foregoing 
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investigations will be discussed in this chapter only in their 
relation to the results of the particular tests. Schmitt, in her 
monograph, published tables showing the reaction of each sub- 
ject in each grade to each test, the tables being discussed in the 
text. Although it was not Schmitt’s purpose to determine the 
correlations between the various tests and grade, her data are 
available for a study of this sort, and the writer has taken the 
liberty of figuring them in this light, indicating at the same time 
Schmitt’s interpretation of the grade factor, contained in the 
accompanying text. These data will be compared with the re- 
sults of the Princeton investigation. 

422 subjects of this investigation were distributed in the 
kindergarten, first six regular grades, minus grades and the 
special class of the Princeton Model School. 301 of the subjects 
(161 boys and 140 girls) were in the kindergarten and first six 
regular grades. The data obtained from the examination of 
these 301 subjects were classified according to the grade in which 
the subjects were found, and the percentage that the subjects 
of each grade passed each test was calculated. 

Only those tests were studied which showed themselves to be 
free from the influence of the personal equation of the four ex- 
perimenters. The elimination of the unrecorded results of the 
definitions test left a number of cases too small to be studied. To 
avoid the influence of the error due to incomplete data, the 
writer has calculated the percentage from only those tests that 
were given from 75% to 100% of the possible number of times. 
The data from the tests of repeating 5, 6 and 7 digits have been 
combined into one weighted measure. The procedure of the 
experimenters in giving these tests was to start within the sub- 
ject’s range and continue till he failed. If 5 digits were suc- 
cessfully repeated, 6 were given, and if these were passed, 7 were 
given. The results have been combined into one measure for the 
sake of simplicity, 1 point being allowed for the successful 
repetition of 5 digits, 2 points for 6 digits and 3 points for 7 
digits, the weighting being roughly in accordance with the 
weighting in Goddard’s scale, the tests being in the age groups 
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VIII, X and XII respectively. The measure of the ability of a 
group to repeat digits is the per cent. that the number of points 
scored is of the number of points possible (i.e. 6 times the num- 
ber of subjects in the group). 

The number of subjects in each grade (boys and girls shown 
separately) the average age of the subjects in each grade, to- 


gether with the mean variation from the average are shown in 
Table 3. 


TABLE 3 


Number of Boys and Girls in Each Grade, and the Average Age of All 
Subjects in Each Grade. 
Number Number TotalNo. Average Mean 
Grade of Boys of Girls of Subjects Age Variation 


Kindergarten.... 20 12 32 5-64 years 0.46 years 
Grade I 24 51 7.05 0.50 “ 
Grade II 24 40 8.16 ” 0.65 .“ 
Grade III 24 45 o-_. ™ oy * 


15 35 10.46 “ oor “ 
25 49 32 ™ 0.99 “ 
16 49 12.81 “ 1.06 “ 


The above table shows an increase of a year or more (actually 
from I.10 years to 1.41 years) in the average age of the subjects 
in each grade. From this it is reasonable to expect that there is 
a general growth in intelligence correlating with this increase in 
age, or, in other words, to expect a correlation between the re- 
sults of the individual tests and the grade in which the per- 
formance occurred. If the correlation is too high, it will in- 
dicate a dependence of that particular test on the subject matter of 
the grade. In Table 4 are shown the percentages that the sub- 
jects in each grade passed each test. The notes referred to in 
the margin contain the proportions passed for all other subjects 
for whom the percentages are not given, the percentages being 
given only for those groups to whom the tests were given from 
75% to 100% of the possible number of times. 

A study of Table 4 shows that the tests in general correlate 
with grade. The combined score of the test of repeating digits, 
for example, shows a growth from 6% to 78%, more rapid 
in the first three grades than in the last four. The tests vary in 
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TABLE 4 


Percentage that Subjects in Each Grade Passed Each Test. 301 Subjects. 


Grades 

Test x. BS ee ie”06C UV CC 
VII-1, 13 pennies ........ 72 #6 100 Note 1 
VII-2, Pictures ........... 69 6 94 Note 2 
VII-4, Diamond .......... 46 75 88 Note 3 
L, . Bo. Se 72 90 97 Note 1 
Waeeth BO 00 © occ cccsccs 9 53 ©@80 Note 4 
VIII-4, Stamps .......... 13 50 78 Note 5 
All digits, (combined).... 6 21 42 51 55 78 75 
VIII-3, Days of week.... 16 45 90 100 Note 6 
DE a 5 i's tedis Gare b's 5 35 96 100 Note 7 
Be IND no sv wccicwele se 28 84 #90 Note 8 
Be BD oc pte sewswens Se... 2... a Note 9 
Pe ND oc cascnneg see 21 37 42 4£«x®66 Note to 
X-5, Sentence (2 ideas).. 67 8 8&8 #o8 Note 11 
XI-2, Sentence (1 idea)... 2 51 74 Note 12 
XI-3, 60 words .......... 63 63 87 Note 13 
0 er eer 67 63 76 Note 14 
Note 1. Counting 13 pennies and naming colors given 20 times above II. 


Note 2. 
Note 3. 
Note 4. 


Note 5. 


Note 6. 
Note 7. 


Note 8. 
Note 09. 


Note 10. 


Note 11. 


Note 12. 
Note 13. 
Note 14. 


Not failed. 

Describing pictures given 21 times above II. Not failed. 

Copying diamond given 25 times above II. Not failed. 

Counting from 20 to 0 given 18 times in K. Not passed. Given 
31 times above III. Failed once. 

Counting stamps given 15 times in K. Not passed. Given 35 times 
above III. Failed 3 times. 

Naming days of week. Given 32 times above III. Not failed. 

Giving day and date given 5 times in K. Not passed. Given 56 
times above IV. Not failed. 

Naming months. Given 26 times below II. Passed twice. Given 
44 times above IV. Failed twice. 

Naming money. Given 26 times below II. Passed 3 times. Given 
28 times in VI. Failed twice. 

Copying designs given 33 times below III. Passed 5 times. 

Sentence (2 ideas) given 32 times below III. Passed 12 times. 

Sentence (1 idea) given 32 times below III. Passed 4 times. 

Giving 60 words given 53 times below IV. Passed 19 times. 

Giving rhymes given 42 times below IV. Passed 26 times. 


the number of grades taken to reach their maximum. The test 
of naming the day and date, for example, is failed by all subjects 
in the kindergarten, 95% of Grade I and 65% of Grade II, while 
only 4% of the subjects in Grade III and none of those in the 
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higher grades fail it. A sudden increase occurs between Grades 
II and III showing possibly the influence of grade training. The 
tests vary considerably in the degree of their correlation. An 
easily obtained measure of the degree of correlation is that of 
comparing the magnitude of the increases from grade to grade. 
For example, there is an increase of 61% (96%—35%) from 
Grade II to Grade III in the ability to pass the test of giving the 
day and date, and an increase of 16% (36—20%) between the 
same grades in the test of naming the pieces of money. The 
former test correlates higher with the influence of grade in this 
particular case than the latter. 

In this manner the percentage difference between the per- 
formance of the subjects in each grade and that of the subjects 
in the preceding grade was obtained. All the increases or de- 
creases in ability from one grade to another were thus obtained, 
these values serving as measures of the amount of correlation 
. between the tests and the grades. 42 differences between the 
performance of the subjects in any grade and those of the next 
succeeding grade were thus obtained. In 4 cases there were 
actual decreases of 1, 2, 3 and 4% which were not significant. The 
difference ranged from —4% to +61%, the median being 
+19.5% (Q=16.25%). Some of the differences between the 
grades might be due to the chance superiority of a particular 
grade. To overcome this chance variation, and to furnish an- 
other index of the growth of the various abilities, the differences 
were calculated by steps of two grades, i.e., subtracting the per- 
formance of the kindergarten from the second grade, the first 
from the third, etc. In this way, 26 differences were obtained 
varying from +9%to+91%, the median being +29% 
(Q=18% ). 

Some of the differences noted are undoubtedly high enough to 
warrant the assumption of the effect of grade training on the 
tests. Just what tests show this effect is probably a matter of opin- 
ion. Allowance must be made for the growth of an ability 
independent of training. 25% of the highest increases from 
one grade to another were selected as being worthy of special 
consideration at least. A larger increase must be allowed be- 
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tween two grades. Those differences were considered worthy 
of special consideration that exceeded twice the value of the 
median of the one-grade differences or 39%. This manner of 
selecting the largest differences is quite arbitrary, but is justified 
by the outcome, for the tests that show the most significant in- 
creases according to this method show those increases in more 
than one step, so that the evidence is concentrated against a very 
few tests. In this way the significant values outweigh the less 
significant values and fair allowance is made for growth from 
one grade to another. 

The following list includes the tests showing the greatest in- 
creases by one-grade and two-grade steps, together with the 
magnitude of the increases and the grades between which they 
occur. 


One-grade steps. Two-grade steps. 

25% of largest Increases greater 
increases. than 39%. 

+61% Date, II to III +91% Date, I to III 

+56% Months, II to III +74% Days, K to II 


+71% 20 to o, I to III 
+45% Days, I to II 


+44% 20 to o, I to II +65% Stamps, I to III 
+65% Date, II to IV 
+37% Stamps, I to II +62% Months, II to IV 


+30% Date, I to II 
; +55% Days, I to III 
+29% Diamond, K to I 
+29% Days, K to I +46% Money, III to IV 
+28% Stamps, II to III +42% Diamond, K to II 
++27% 20 to 0, II to III 
+27% Pictures, K to I 


The above lists of increases are confined to but 8 tests. In 
all, there were 16 tests studied. According to the method of 
selecting the significant increases, 20 such values actually ap- 
peared. In this manner the evidence combines against a very 
few tests. Some tests appear in both lists and more than once 
in the same list. The most striking growth with grade is shown 
in the tests of giving the day and date, naming the months, nam- 
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ing the days of the week, counting from 20 to o and counting 
stamps. The tests of copying the diamond, describing pictures 
and naming money may or may not show this influence. The 
evidence is strongest in the case of the diamond test since that 
appears in both lists. 

The foregoing method of selecting those tests which correlate 
with grade to such an extent as to indicate the influence of grade 
training is not conclusive, owing to the fact that there is also 
an increase in age from grade to grade. If a test showed a 
very rapid growth with age, and those ages fell for the most part 
in certain grades, then those grades would show an increase which 
might be wrongly assumed to be due to training. The tests of 
counting from 20 to O is a case in point. Yerkes (82) in Table 
32, page 125, gives the percentage values for each test in the 
Point Scale, for English speaking boys and girls of each age. 
The test, of the twenty one tests included, that shows the most 
marked increase with age is that of counting backward, the 
values being as follows,— age 40%; age 5==3.5%; age 
6=23.7% ; age 7=45.7% ; age 8==72.2%; age 9=96%; the 
values for ages above 9 being 97% or higher. 


The age in grade distribution of the 301 subjects in this in- 
vestigation is given in Table 5. 


TABLE 5 


Distribution of Subjects in Each Grade according to Chronological Age. 
Grades 


I on a ee 


4 
17 
41 
38 
38 
29 
44 
38 
24 
16 
14 7 
15 4 
16 I 
Total 32 5I 40 
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The rapid growth of the ability in counting from 20 to 0, 
according to the method of comparing the subjects in each grade, 
was from 9% in Grade I to 80% in Grade III. From Table 5 
it may be seen that practically all, (89%), of the chronolog- 
ical ages in Grades I, II and III were distributed in the ages 
6, 7, 8 and 9, a chronological range coinciding with that in which 
Yerkes’ results show the ability to develop. The growth of 
this ability might be due then either to age or to grade. For 
this reason, to arrive at any final conclusion, it is necessary to 
compare the subjects of the same age but in different grades. 
The treatment of the Princeton results according to this method 
follows, but the analysis of the data in this manner can have 
no great reliability owing to the small number of subjects in each 
group. The number of subjects in each group, (boys and girls 
shown separately ), the average age and mean variation from this 
average are shown in Table 6. 


TABLE 6 


Number of Boys and Girls of Similar Ages in Different Grades, and the 
Average Age of the Subjects of Similar Ages in Each Grade. 


Number Number Totalno. Average Mean 
Grade Age of Boys ofGirls of Subjects Age Variation 

Kindergarten. 5 II 6 17 5.48 0.20 
Kindergarten. 6 8 3 Il 6.26 0.21 
Grade I ..... 6 14 14 28 6.59 0.17 
Grade I ..... 7 9 9 18 7.36 0.22 
Grade II .... 7 7 10 17 7.56 0.24 
Grade II .... 8 6 9 15 8.390 0.24 
Grade III ... 8 8 10 18 8.60 0.22 
Grade III ... 9 5 8 13 9.43 0.16 
Grade IV .... 9 5 6 II 9.65 0.13 
Grade IV .... 10 10 4 14 10.39 0.30 
Grade V ..... 10 7 II 18 10.54 0.25 
Grade V ..... I! 10 6 16 11.54 0.22 
Grade VI ... 11 10 6 16 11.53 0.26 
Grade VI .... 12 6 5 II 12.52 0.14 


All chronological ages were computed in tenths of a year, so 
that a variation in age from 0.1 yr. to 0.9 yr. is possible within 


aes ; eee S ot ee ; 
Pee consi cs WF eae Ae Se | ee ae ape aaa, Scaammactaale ak eT ane Mate 
Sa Fp Oi gtae ips ‘ ae . 


. — _ A atest =e 
RA Rte ot * pe i eh Wain Melee ‘ =~ = 
| ale is ad sk ths Ok ae PI 3 SF Biy MP Dig > de 





































ee eee aa ¥e 4 


ay SEE 


ny We ee 


Hits, Hinge 


6 EY 


pe aa 
ee * 
a : : 


nig A 


spent Serf 
neal 
Dae. 


ERS sey 


oP, Sena, 
oF. fas ks ah ied rf 
Se Me sabi. Se fo Tan ep niaea agent a 


poe” 


ene, 


<* ns ae 
ni font ranean EBS 


a Tee Tak IS oF 
a 0 re 
ov aR Ee te Nes 
cnt 


Se ae See ee nt ee 


eA A De 


tee 


‘o 


oo1 4g 69 
08 £6 $8 
0g og of 
oo1 £6 $2 
6030N ZS 
= 89ION £8 
NX 
S 
fe 
= 98 9£ «£8 
S 
m) 
= 
© 
II QI QI 
IA IA A 
ziesy 11393y 
‘syoafqns €zz 
a 





‘Soult} JO Jaquinu ajqissod 34} JO %oo1 0} SZ wiO1J UDAIZ s}sa3 UO 


peseq aie so8ejusdsed J9y}0 [JY ‘g-II] ul %zZ sdurejs Zuyunod pure ‘g-j]] Ut %99 ‘yam Jo sXep Burais pure o 0} 
Oz wWOI} Zurunos ‘S-y UI sau} Jo Joquinu ayqissod 94} Jo %6S usals sem puoueip 94} BurAdod jo 3s9} YL» 





ih a re eS 


SOI aS EONS A I RM AST STU RINNE OT RF 
: nae ae a Sinan RL 


oS 26 £1 930N 
oS £2 vr ZI 9}0N 
19 6S Sp 6g £¢ II 9]0N 
v6 £6 16 2z9 6g OI 3]0N 
vp 6 fe If 
£g «v9 fs. 6 SS. & 
Z210N oor SQ gg lz Sz 
9 3930N OO! OOI OOI 88 02 6z 
S3}0N 4001 Og v6 oS 
6£ gb So 1S Ly ob zbeSOC«GS 
V2ION 458 09 6z ZI 
E3sI0N «£8 Pv £9 oO 
I 9}0N OO: OOI OO! 
Z330N 26 £6 6g 
1 930N 98 OOI OO: 
I 930N OO! oor 6 
gi I sz Gs os «=SE Zt gI 
A Al AI Ill Ill Il I] I 
O1 a3 6a3V g aay La3y 
4£ATdVL 


= © 
Naw 


on GZ BSTBES 


oF 


28 
Sv 


z8 
16 
II 
>. | 


o 
0 
< 


sowAys ZUIAID 

sojnuimt £ UI SplOM OO 

Vapi I ‘s0Ua}UNS UI sploM £ 
S¥api Z *s0Ua}UNS UI spioMmM £ 
suZisop ZurAdo> 

Aguoul jo sadaid Zurwey 
syjuow Zurwmeyy 

a}ep pue Aep 3y} Burary 

o yoom jo skep Zurwmen 
9 (11%) ‘suSip Surjeaday 
sdwiejs Zurjzuno> 

O 0} OZ WoOIy Burjunoy 


1Z S1OjOo Zurme yy 
40S puowerp Zurf{do> 
S9 soinjaid Zurqrisseq 
1Z sotuued £1 Surjuno> 
£1 SLOGANS AO ‘ON 
>| AqdVvayD 
Sasy ADV 


‘apes yova ut aBe yoee yo syoefqns ay} Aq passed sem jsa} Yea EY} VFeJUDIIEd jenjoy 














{) 
y 
Y 








VARIABLE FACTORS IN THE BINET TESTS 51 


Note 1. Tests of counting 13 pennies, describing pictures and naming colors 
each given 12 times above II-8. No failures. 

Note 2. Copying diamond given 15 times above II-8. No failures. 

Note 3. Counting from 20 to 0 given 16 times below I-6, Not passed. Given 
31 times above III-8. Failed 4 times. 

Note 4. Counting stamps given 14 times below I-6. Not passed. Given 32 
times above III-8, Failed 4 times. 

Note 5. Giving days of week given 32 times above III-8. No failures. 

Note 6. Giving date given 39 times below II-7. Passed twice. Given 36 
times above IV-10, No failures. 

Note 7. Naming months given 24 times below II-7. Passed twice. Given 
37 times above IV-9. Failed 4 times. 

Note 8. Naming pieces of money given 35 times below II-8. Passed 4 times. 
Given 14 times above V-11. Failed twice. 

Note 9. Copying designs given 26 times below III-8. Passed 5 times. Given 
15 times above V-11. Failed 6 times. 

Note 10. Three words in sentence, 2 ideas, given 24 times below III-8. Passed 
9 times. 

Note 11. Sentence, 1 idea, given same as 2. Passed 3 times. 


-Note 12, 60 words in 3 minutes given 41 times below IV-9. Passed Io times. 


Note 13. Giving rhymes given 37 times below IV-10. Passed 25 times. 


each age group. That the subjects of the “same” age but in 
different grades are not exactly the same is shown in Table 6. 
The subjects of each age in the higher grades average from 
0.01 yr. to 0.33 yr. different, with an average superiority of 
0.19 yr. This difference, however, is about one fourth that 
between the subjects or different ages in the same grades, and 
may be called the same for practical purposes. For convenience, 
the groups will be referred to as K-5, II-7 etc., the first member 
referring to the grade, the second to the age. K-5 would mean 
the group of 5 year children in the kindergarten, II-7, the 7 year 
subjects in Grade II, etc. The actual per cent, that the subjects in 
each group passed each test was calculated and is shown in Table 
7. Unless otherwise noted, the percentages are based on tests 
given 75% to 100% of the possible number of times. 

Some of the groups from which results were obtained are too 
small to have great reliability, but the method is at least sug- 
gestive. The results of 14 groups are given. It is possible then 
to compare the results of subjects of 6 ages, (6, 7, 8, 9, 10 
and 11), that are in different grades, and also to compare sub- 
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jects in all seven grades that are of different ages, and in this 
way to determine whether the dominating factor in the growth 
of any ability is that of grade or age. The reliability of the 
method rests only on its connection with that of the first method 
employed. 

In answer to the question of whether the growth of ability in 
the test of counting from 20 to 0 is due to age or grade, a ques- 
tion which was unanswered by the first method, we may turn to 
the results shown in Table 7 in which the subjects of each age in 
each grade are shown. The test of counting from 20 to 0 was not 
passed by any of the 5 and 6 year subjects in the kindergarten. 
Comparing first the subjects of different ages in the same grade, 
the 7 year subjects in Grade 1 are 16% lower than the 6 year 
subjects in that grade, and the 8 year subjects in Grade II are 
20% lower than the 7 year subjects in the same grade, the older 
subjects making a lower record in each case. Comparing the 
performance of the subjects of the same age but in different 
grades, the 7 year subjects in Grade II are 63% ahead of the 
subjects of the same age in Grade I, while the 8 year subjects 
are 40% ' ahead of the subjects of the same age in Grade II. 
Allowing for the retrogression of the older subjects in each 
group, i.e. assuming that they should have done equally as well 
as the younger subjects in the same grade, the groups in Grades 
II and III are still 47% and 20% ahead of the subjects in the 
grades lower. The growth of ability in this test would therefore 
appear to be due to grade training. 

A rapid growth of ability in the test of counting stamps oc- 
curred between Grades I and III (37% I-Il+28% II-IlI—=65% 
I-III), according to the first method, so that the same question 
arises as in the test of counting from 20 too. The test was not 
passed below group I-6. No growth with age is shown between 

1 This test was given to but 66% of the subjects in III-8, the experimenters 
assuming that the other 34% would pass. The score given, 85%, therefore 
represents the ability of the lowest selection of III-8 subjects, or the most 
conservative estimate of the ability of the whole group. The same applies 


to the other tests in III-8 given 66% and 72% of the time. In this way the 


hypothesis that the tests are not influenced by grade training is given the 
benefit of the doubt. 
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I-6 and I-7, but a growth of 31% appears between II-7 and II-8. 
A growth with grade of 17% is shown from I-7 to II-7 and of 
25% from II-8toIII-8. This test shows therefore the operation 
of the two factors of age and grade training. 

The improvement in ability in the tests of counting 13 pen- 
nies, describing pictures and naming colors, that was indicated 
between the kindergarten and Grade I by the first method, would 
refer to age rather than grade, for a greater increase in each 
test is indicated between K-5 and K-6 than between K-6 
and I-6. Above I-6 these abilities are completely developed. 
It could be maintained that these tests are so completely 
within the ability of the groups that the effect of train- 
ing would not be indicated. The test that is best adapted 
to show the influence of any factor on a group is one that 
is well within the ability of the group—the influence of the factor 
will be obscured if the measure is either too easy or too difficult. 
The test of copying the diamond is a case in point and one well 
worth study, for it has been attributed to the effect of training 
by various authors. All the reproductions of the diamond had 
been scored according to the arbitrary system outlined in the 
previous discussion of the personal equation. A control on the 
factor of difficulty was obtained by raising or lowering the pass- 
ing mark in this test. The percentage passed was calculated for 
each group for each of the 5 possible passing marks. The re- 
lations indicated in Table 7, where the passing mark is Group IV, 
were not changed by this process of raising or lowering the pass- 
ing mark. In all cases the influence of age was shown between 
groups I-6 and I-7, and the influence of grade shown between 
groups K-6 and I-6. The test was given to but 59% of the K-5 
group, the experimenter assuming that the other 41% would 
fail, so that the percentages calculated represent the performance 
of the best selection of K-5 subjects, or, in other words, the 
benefit of the doubt is given to the hypothesis that the test is 
influenced by grade training. If the other members of K-5 had 
failed according to the experimenter’s assumption, (and this 
assumption was quite justified for some had failed to draw the 
square), 29% of the group would have passed instead of 50%. 
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The influence of age indicated in this test is as great if not greater 
than that due to training. 

The test of repeating digits, scored by the weighting system 
previously described, exhibits a slow but uniform progress 
throughout, the older subjects in each group making records that 
are about the same or slightly lower than those of the younger 
subjects in the same grade, an increase showing fairly regularly 
from grade to grade. The most marked increase in this ability 
appears between K-6 and I-6, and between I-7 and II-7, possibly 
indicating that the lack of familiarity with the use of digits in 
the lowest grades interferes with this test as a measure of 
auditory memory. 

The test of naming the days of the week shows the most 
marked improvement with age (40%) from K-5 to K-6, prac- 
tically no improvement (10%), from K-6 to I-6, no improvement 
from I-6 to I-7, a very marked increase with grade from I-7 to 
II-7, a drop from II-7 to II-8, group III-8 marking the complete 
development of the ability. The test would appear to be due to 
the combined effect of age and grade. The tests of giving the 
day and date and naming the months are passed only twice in 
the kindergarten and first grade, by about a quarter of the sub- 
jects in II-7 and II-8 without age increase, while the subjects in 
III-8 shows a most marked increase due to grade. Above III-8 
these tests are seldom failed. The test of naming the pieces of 
money shows a slow growth from 8 to 11, the largest increases 
appearing from III-9 to [V-9 and from IV-10 to V-10, improve- 
ment with grade in each case. Copying the designs from memory 
shows a growth of 26% from 8 to 11, the development occurring 
in two age steps, from IV-9 to IV-1o and from V-10 to V-II. 

The growth with age cannot be determined in the tests of con- 
structing sentences from three given words, because they were 
given to too few cases below the third grade. The results do not 
show whether III-8 is exceptionally high or III-9 exceptionally 
low. Both tests show decreases in ability from ITII-8 to III-9 and 
from V-10 to V-11. The ability in the easier test is well within 
the range of the third and higher grades, showing, therefore, no 
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improvement. The improvement in the second test develops ae 
from 33% to 80% in three steps, correlating with Grades IV, V . 
and VI in each case. The most vital question, that of determin- 7 
ing whether or not the language training in the third grade helps 


+ 
to make the construction of a sentence possible, cannot be deter- Wi 
mined owing to the lack of material in the second grade. The Bh | 
experimenters’ assumptions in not trying the test would indicate | a 

this fact, but this is not experiment. The same lack of material q { 


makes conclusions in regard to the rhyming test impossible. The 
performance of IV-Io is exceeded only by VI-11. The test of 
naming 60 words in three minutes shows two decided increases 
with age and one decided drop with grade. 

The foregoing analysis is based on a number of subjects in 
of each group too small to have any great significance. The general 
: fact of the correlation of the tests with grade remains, and con- 
clusions concerning what tests correlate too highly with training 
can be answered only by considering both methods of study, and 
by considering only the largest deviations. The two most strik- 
ing instances are found in the tests of naming the months and 
giving the date. These tests undoubtedly relate almost entirely 
to training. Less striking but equally definite is the relation of 
the test of counting from 20 to o to training. The tests of (s 
naming the days of the week and counting stamps show the in- ie | 
fluence of age to an extent almost as marked as that of grade, so ‘ad 
r | that while the development in these tests is rapid, the grade factor 
probably exerts only part of the influence. Conclusions concern- 


ee 


ing the other tests are largely a matter of opinion, and the opinion i 
| of the writer has been indicated in the detailed discussion. 1 
| A study of the tests in relation to grade by the first method aa 
employed may be made from Schmitt’s results. The author Ae + 


gives, in Table I, II, III, IV, V, VI and VII on pages 70, 71, 73, a 
74, 75, 76 and 77 of her monograph, the results of each subject og 
in each grade on each test. From these tables the present writer a 
has calculated the percentage passed in each test. A study of ; 
this sort rests for its reliability on the accuracy of the published 
tables, and the facts indicated by the tables do not always coincide 


56 CARL C. BRIGHAM 


with Schmitt’s discussion.2 The writer has followed the tables 
rather than the discussion in calculating the results. In the VIII-2 
test where an alternative rank is given for counting from Io to o 
instead of 20 to o, the writer has considered success in counting 
from 10 to O as a failure in counting from 20 to o. In the line 
suggestion test Schmitt recognizes two types of failure, the 
typical failure according to Binet of accepting the suggestion of 
the first three lines, and the failure due to the fact that the subject 
actually judges the lines unequal after studying them. The sec- 
ond type of response Schmitt marks as passed, using a special 
symbol. The writer has calculated these percentages separately, 
entering the first or Binet type of response under “Line sugges- 
tion A” in the table, and the second type under “B.” The V year 
and Adult tests were omitted. All of the other tests were in- 
cluded that had been given over 70% of the possible number of 
times. Unless otherwise noted, each test was given 100% of 
the possible number of times. Table 8 shows the per cent. that 
Schmitt’s subjects in each grade passed each test in Binet’s 1911 
scale (Town’s translation with modifications). The table is 
given with the reservation that the tables from which the per- 
centages were calculated might contain misprints, and that the 
writer's interpretation of the tables might be at fault. 

Inasmuch as there are many differences in procedure in giving 
the tests, and in the character of the schools tested, the results of 
the two investigations are not comparable in respect to the per- 
centage passed in one grade in one study with those in the same 
grade in the other study. The method used in determining the 


2In the discussion (page 69) Schmitt gives 15 subjects in the kindergarten 
failing test VII-4. Table I shows 13. On the same page she gives 24 sub- 
jects failing VIII-4. Table I shows 22 failing. In discussing the results 
of Grade I (page 72) Schmitt states that there is “more than 50% of failure 
with the discrimination of weight”, while Table II shows 35% failure. Again, 
the tests referred to specific school instruction by Schmitt are VII-4, VIII-4, 
and IX 1, 2, 3 and 4. On page 72, in discussing the results of Grade I, she 
says “the tests below ten years which depend upon specific instruction are 
usually not passed except the VII-4 test. The percentages passed are as 
follows: VII-4 = 85%; VIII-4 = 45%; IX-1 = 35%; IX-2 = 75%; 
IX-3=—90%; IX-4=30%. “Usually not passed” includes, therefore, tests 
passed 75% and 90% of the time. 
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TABLE 8 
Per cent. that Schmitt’s Subjects of Each Grade Passed Each Test. 150 Subjects. 19 
i Grades 4 
: K I tt :. ee an 
Number of subjects se wnavreuntren@ 2 ss if 
. VI-1, Distinguishing morning, afternoon 96 100* Hi 
: 2. Defining in terms of use 92 94* +a 
a 3, Copying diamond 76 «869 4* <9 
i 4, Counting 13 pennies 92 100* be: 
H 5, Choosing prettier of faces 92 100* : I 
VII-1, Showing right hand 92 80 100 aa 
; 2, Describing pictures 72 65 8&1 er 
3, Executing 3 commissions 92 95 100 ‘3 
4, Counting stamps 48 85 100 pe. 
5, Naming colors 96 100 100 <8 . 
VIII-1, Comparing remembered objects 92 100 100 100 100 74 
“| 2, Counting backwards from 20 to o 40 3=«-s«&s 94 95 100 au 
3, Indicating omissions in pictures 100 95 #94 100 100 rea 
4, Giving day and date 12 45 94 100 100 ha 
5, Repeating 5 digits 64 85 94 100 100 i 4 
IX-1, Making change 6* 35 7 95 & 100 re 
2, Defining in terms superior to use 30* 75 ###65 4100 495 100 an 
3, Naming pieces of money 28* 90 94 100 100 100 ae 
4, Naming the months CC 2.7 2 eee hay 
5, Comprehending easy questions 61* 100 100 95 100 100 1b 
X-1, Arranging 5 weights 6 a) =e i : 
2, Copying designs ow s 2 aos i 
3, Detecting absurdities 60 88 100 100 100 i: 
4, Comprehending difficult questions 85 100 100 100 100 ie 
5, Constructing sentence. Two ideas 65 76 100 100 100 pe 
XII-1, Resisting suggestion, A. (Binet scoring) rf 6 ss 14* 100 nt 
B. Judgment error counted plus 100 6©.:« 8_—S—=é100°* Ba, 
: 2, Constructing sentence. One idea s7* 71 95 #95 100% 100 i y 
3, Giving 60 words in three minutes 43* 82 62 100 95* 96 ioe 
' 4, Defining abstract terms 7* 20 52 73 #£«95* 100 4 i 
| 5, Reconstructing dissected sentences oo 6 © ss a ene 
i. XV-1, Repeating 7 digits 62* 78 Ne 
| 2, Rhyming words with “obey” 86* 70 ir 
3, Repeating a sentence of 26 syllables 1o* 17 
fy 4, Interpreting pictures 14* 70 lies: 
4 5, Solving problems from various facts 62* 70 Ta 


Note.—All tests except those marked (*) were given all the possible number of 
times. The VI year tests were given 90% of the time in Grade I, the IX year tests 
72% of the time in the kindergarten, the XII year tests 70% of the time in Grade I, 
and the XII and XV year tests 95% of the time in Grade V. 
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correlation of the tests with grade is the same as that used in 
the first method of treating the Princeton data, that of comparing 
the differences between grades by one-grade and two-grade steps, 
of selecting an arbitrary standard for detecting exceptional 
growth, and of comparing the resulting lists. The differences 
between the performance of each grade and the next succeeding 
grade were calculated. These differences, 100 in number, ranged 
from —24% to +62%, the median being +5% (Q=—10.75%). 
The run of differences differs from that found in the Princeton 
study in two respects, in having a lower median and variability, 
and in containing more minus deviations. The lower median and 
variability is due to the fact that the tests were given over a 
wider range, the Princeton tests being given only on the “up 
slope” of the growth curve, or not being given when the tests 
were any distance above or below the probable range of ability of 
the group. The Princeton results showed only 4 minus deviations 
of 4, 3, 2, and 1% respectively, while Schmitt’s results show 15 
such deviations, 6 of them being 10% or over. These deviations 
are probably due to the smaller number of subjects, and if due 
to chance, should be counteracted by the precautionary measure 
of combining the indices of correlation into two-grade steps. 71 
two-grade differences were obtained ranging from — 25% to 
+ 82%, the median being +10% (Q=16.5%). 4 meas- 
ures were still in the minus direction, one of these, —25% 
(Design III to V) is probably significant, the other values 
of —6%, —5% and —4% having no significance. Inasmuch 
as the variability of the series is lower, those differences 
were considered to be worthy of special study that had the 
value of 2Q0+M, or were in excess of the interquartile range 
plus the median. The lists of tests that appear as showing 
marked growth with grade according to the two methods are 
as follows: | 
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One grade differences Two grade differences 

higher than 2Q0+M higher than 2Q0+M 
+62%, IX-3, Money, K to I +82%, VIII-4, Date, K to II 
+58%, XII-5, Dissected, IV to V +71%, XII-5, Dissected, III to V 
+49%, VIII-4, Date, I to II +66%, IX-3, Money, K to II 
+45%, VIII-2, 20 to o, K to I +65%, IX-4, Months, K to II 
+41%, IX-4, Months, I to II +65%, IX-4, Months, I to III 


3 3, cman wt GR Er ee 
+39%, XII-3, 60 words, I to II , , , 


+38%, XII-3, 60 words, III to IV +55%, XII-5, Dissected, IV to VI 


+37%, VIil-4, Stamps, K to I +55%, VIII-4, Date, I to III 
+36%, IX-2, Definitions, K to I +54%, VIII-2, 20 to a, K to II 
+36%, IX-1, Change, I to II +52%, VII-4, Stamps, K to II 


+35%, IX-2, Definitions, II to III +-47%, X-2, Design, I to III 


THM, Vili DO, Meo I +-45%, XII-4, Abstract Def., I to III 
+29%, IX-1, Change, K-I +44%, XII-4, Abstract Def., II to IV 
+28%, X-3, Absurdities, I to II +43%, XII-4, Abstract Def., III to V 


A study of the above lists shows, as in the similar study of 
the Princeton data, that although the method of selecting the 
exceptional tests is an arbitrary one, the method is justified in 
practice, for only a few tests (13) appear in the lists as signifi- 
cant. In all, there were 34 tests® studied, and 30 differences were 
considered large enough to be significant. These 30 differences 
were confined to 13 tests. The tests of naming 60 words and 
defining in terms of use drop out of the first list owing to the 
elimination of the errors of negative correlation. The design test 
is both positive and negative, the ability increasing from Grades 
I to III and decreasing after III. The test of defining abstract 
terms appears according to the second miethod because the 
ability increases with grade from 7% in I to 95% in V by 


3No differences were calculated from the line suggestion test owing to 
the possibility of misinterpreting the symbols. Schmitt notes the difference 
in the character of the responses from the suggestion error to the judgment 
error in passing from Grade II to III. The scoring of the suggestion error 
in the tables shows an inverse correlation with Grades II, III, IV and V, 
and a sudden change again from 14% in Grade V to 100% in Grade VI, so 
that there is probably a mistake. The scoring of the responses to this test 
according to the strict Binet ruling would make the “mental ages” lower, 
for many cases would then have basal X. 
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increases of approximately 25% in each grade. No conclusions 
may be drawn concerning the easy comprehension test and the 
absurdities test. The 20 remaining differences are confined to 7 
tests, those of naming the day and date, naming the months, 
counting from 20 to 0, counting stamps, naming money, recon- 
structing dissected sentences, and making change. The first four 
were included in the five found to show the most marked influ- 
ence of grade in the Princeton study. The test of naming the 
pieces of money did not show a marked relation to grade in the 
latter study, but this difference might be one of school curriculum. 
The test of naming the days of the week is not included in Binet’s 
IQII scale. 

In the Princeton study alternatives were used in the making 
change question so that no data from this test were included in 
the quantitative study. These data show the ability in this test 
developing in the second and third grades, the test being passed 
only twice in the kindergarten and first grades, and generally 
passed above the third. The data in the test of reconstructing 
dissected sentences show very few passing the test below grade 
V with approximately three fourths passing in V and VI. In so 
far as the Trenton experimenting was applied to a few subjects 
in the regular grades below the seventh, this test was rarely 
passed in the third and fourth grade, passed about 5% in V, and 
almost universally passed in VI, VII and VIII. The number of 
subjects in each grade is small in the Trenton experiment, but 
each test was separately scored, i.e. each part of the dissected 
sentence test, each part of the absurdity test etc. Each of the 
three parts of the dissected sentence test showed the same growth 
between the same grades, and this growth was more marked 
than that in any other test. The evidence concerning these two 
tests, therefore, supports the evidence from Schmitt’s results. 

The quantitative analysis of the Princeton data and Schmitt’s 
data would indicate that the tests of counting stamps, counting 
from 20 to 0, naming the days of the week, giving the day and 
date, naming the months, naming the pieces of money, making 
change and reconstructing dissected sentences were influenced to 
a considerable extent by grade training. The performance in 
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certain of these tests (days, date and months) may be the result 
of specific school training in the tests themselves, while others 
(perhaps the tests of counting stamps, counting from 20 to 0, 
and reconstructing dissected sentences) may involve a transfer 
effect in the application of the content of the grade in a new way. 
The fact that the tests correlate very highly with grade training 
does not show that the tests are worthless, but it does show that 
they should, perhaps, be placed in another scale, or should at 
least be placed on a different footing than those that test capacity 
irrespective of attainments. 

One of the best tests* of intelligence is the determination of 
what an individual can do with the training he has received, but 
tests of this sort rest on the assumption that the individual’s 
opportunities have been determined. The importance of tests of 
information in cases of alienation presenting a picture of deteri- 
oration is recognized. The important change to be made is not 
the elimination of such tests from intelligence scales, but their 
standardization on a different basis. The diagnostic value of 
such tests rests not in the mechanical memorizing of a time 
series such as that of the months, but in the ability to apply 
such a series. In pointing out this fact Katzenellenbogen (37) 
suggests that the months test be given in some such manner as 
“If somebody asks you in November to return three months later, 
what month would it be?” Decroly and Degand also suggest 
that the mechanical tests of counting and naming the days of the 
week and months be modified in some such manner. 

* The writer recalls two cases in which the failure in tests which involved 
the application of training was very significant. The first was that of a 
woman of about 30, a parole patient in a hospital for the insane, who had 
never shown any marked symptoms other than a history of intellectual in- 
feriority. This patient passed practically all of the Binet tests in the IX, 
X and XII year groups, but failed completely in the test of making change. 
This observation was later checked up. Another case of a woman of 22, 
in the same hospital, presented a border-line psychoneurotic picture perhaps, 
but no marked symptoms other than a history of intellectual inferiority. She 
passed in a great many of the difficult tests in the upper years but had great 
difficulty in telling time. Both cases had lived under very good home con- 
ditions and had mingled with people of ability. A great many tests of capa- 


city were given, but the most illuminating evidence of their mental status 
came from the two tests mentioned. 
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Comparing the conclusions of this study with other investiga- 
tions, the agreement is fairly close. Schmitt’s results do not 
support her suggestion that the definitions test relates to specific 
school instruction. The other tests which she refers to this 
factor (stamps, date, 20 to 0, change, months and money) show 
the influence to a marked extent. Binet in classifying some of 
the tests referred the tests of copying a sentence, reading for 
memories, writing from dictation, copying a diamond, counting 
backwards and making change to scholastic training. The first 
three tests were not included in this investigation. The diamond 
test showed the influence of age to be as great if not greater than 
that of school training. The last two tests showed a marked 
influence of training. Binet referred the tests of counting 13 
pennies, naming four colors, naming the days of the week and 
enumerating the months to home training. The last two showed 
a marked influence of school training. The results of the present 
investigation agree with those of Chotzen in finding no effect or 
very little effect of training in the tests of copying the diamond, 
repeating digits, describing pictures, counting 13 pennies, naming 
colors, comparing remembered objects, defining in terms of use 
and superior to use, and in finding marked influence of this 
factor in the test of naming the days of the week. 

The methods used in analysing the results, especially the sec- 
ond method, reveal several suggestive relations between the 
tests and the school grades. There is a general correlation be- 
tween the tests and the grades, a correlation that is very necessary 
to establish, for there is also a general correlation between intelli- 
gence and grade. In analysing the results of the individual tests 
by comparing the results of subjects of the same age in different 
grades, and of subjects of different ages in the same grade 
(Table 7), it was seen that, as a general rule, the growth in any 
particular ability occurred in passing from grade to grade, not in 
passing from age to age within one grade. In fact in only half 
of the cases in which the subjects of two ages in one grade may 
be compared do the older subjects make records that are higher 
than those of the younger ones, and only 10% of these gains are 
over 20%. If the groups were considered to be equal in all 
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cases in which their records were within 10% of each other, 
equality occurs in exactly 50% of the cases. Of the remainder, 
20% of the groups were lower, while in only 30% of the cases 
are the older subjects actually higher than the younger subjects 
of the same grade. Some of the cases of retrogression could 
well be accidental, but they occur too frequently to be due 
entirely to chance. 

Applying the same general method to the cases in which groups 
of the same age but in different grades were compared, 5% of 
the groups in a higher grade showed lower scores, the results 
correspond in 43% of the cases, while 52% showed definite 
improvement. This might indicate that there is a higher correla- 
tion between the tests and grade than between the tests and age. 
The fact that the comparison of children of different ages in the 
same grade showed the older children making lower records in 
20% of the cases, equal records in 50% of the cases and higher 
records in only 30%, would confirm the general diagnostic value 
of the tests if Bonser’s interpretation of this phenomena is cor- 
rect. Bonser (12) applied various sorts of reasoning tests to 
children in the fourth, fifth and sixth school grades. In 
summarizing the results of the tests in the different grades, he 
says, “In the contrast with grade progress and progress with age, 
in the generally superior showing made by the younger groups 
of children of any grade when contrasted with the older pupils 
of the grade, and in the fairly substantial percentage of pupils 
from lower grades found in the highest quartile of ability for all, 
it is shown that native capacity is measured to a high degree by 
the tests.”’ 

In conclusion, the results shown in this chapter would indi- 
cate a correlation between the individual tests studied and the 
school grades, this correlation being high enough in some cases 
to show the actual effect of training. In answer to the general 
objection that since one demonstration of the accuracy of the 
tests rests on their correlation with school grades, the school 
grades are the real measure of intelligence and the mental tests 
superfluous, it is only necessary to point out that intelligence tests, 
besides affording the opportunity for accurate standardization, 
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also detect the subject’s potential abilities independent of his past 
performance. The school measure indicates mental defect in 


cases of gross retardation, but it does not indicate exceptional 
ability. 


Schmitt’s contention that the school represents a standard 


environmental situation, and a measure of a subject’s ability 


should include a measure of the adequacy of his reaction to this 
situation, is well founded. It is not, however, a criticism of the 
Binet scale, for the scale aims to test native capacity. At the 
Buffalo conference (15) on the Binet scale, the following ques- 
tion was raised,—‘‘What is it, after all, that the scale aims to 
test?’’ The question was answered by “We believe that current 
misconceptions as to the aim of the scale should be removed. It 
is not intended to test the emotional or volitional nature, but 
primarily intelligence (judgment).” To this list might be added 
the assertion that the scale was not intended to test a child’s 
reaction to the school situation, or to furnish an outline for 
taking a record of his life history. 

Rogers and McIntyre (54) would also have mental tests in- 
clude tests dependent on both school and home training. This 
general trend of present day discussion is a reversion to Binet’s 
1908 type of scale, a tendency to which Binet was in opposition. 
The probable solution rests in eliminating from the scale the tests 
involving training, and in constructing a standardized scale of 
another sort for the estimation of the individual’s reaction to the 
school situation in terms of the length of time that he has met 
that situation. That such a scale is not a matter of speculation 
is shown by the number of scales now on the market for measur- 
ing handwriting, spelling, composition, arithmetical ability, etc. 
Tests of native capacity and tests dependent on school and en- 
vironmental training cannot be standardized on the same basis, for 
they are essentially different measures. Measures of the first sort 
may perhaps be correlated with age, while measures of the other 
sort can be correlated only with opportunity. 




















































V. SEX DIFFERENCES 


The investigators who have studied the influence of sex differ- 
ences on the Binet-Simon tests have used two methods, that of 
comparing the “mental ages” or total scores of subjects of each 
sex, and that of comparing the per cent. that the subjects of each 
sex pass each test. The first method throws no light on the 
individual tests, inasmuch as one sex may be superior in one 
test and inferior in another so that the total score will balance 
the influence of this factor. Inasmuch as the scale is founded on 
the principle that sex differences do not exist, it is important to 
study the individual tests, and to determine the accuracy of this 
assumption. 

The Princeton data are available for a study of this sort. 352 
subjects (187 boys and 165 girls) between the ages 6 and 12 
were examined. The method of study adopted was that of com- 
paring the results of non-selected boys and gifls of each age, and, 
as a check on this method, of comparing the results of selected 
boys and girls of four ages. 

Inasmuch as the subjects of each chronological age are dis- 
tributed over a range of one year (the 6 year subjects for exam- 
ple being distributed from 6.0 to 6.9), the actual average age of 
the subjects of each age was computed to make sure that no 
differences might appear due to the chance selection of subjects 
at either extreme. These averages are shown in Table 9. 


TABLE 9 
Actual Average Chronological Age of Boys and Girls in Each Age Group. 
BOYS GIRLS 

Number of Average Age Number of Average Age 

Subjects (M. V.) Subjects (M. V.) 
Age 6 37 6.58 (0.20) 23 6.51 (0.20) 
Age 7 29 7.50 (0.29) 31 7.39 (0.26) 
Age 8 24 8.48 (0.29) 28 8.48 (0.22) 
Age 9 20 9.46 (0.27) 22 9.54 (0.26) 
Age 10 31 10.46 (0.25) 23 10.37 (0.30) 
Age II 28 11.59 (0.22) 20 11.52 (0.27) 


Age 12 18 12.43 (0.30) 18 12.57 (0.24) 
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A perusal of this table shows that the subjects agree closely 
both in their average and in their variability. The 12 year boys 
are actually 0.14 yr. younger than the girls of the same age 
group. The 7 year boys are 0.11 yr. older than the 7 year girls. 
All other differences are less than 0.10 yr. The correspondence 
is close enough for all practical purposes, but these differences 
must be taken into consideration before drawing final conclusions. 

The 352 non-selected subjects from 6 to 12 were distributed 
throughout the kindergarten, special class, and first six minus and 
plus grades as shown in Table Io. 


TABLE 10 
Age in Grade Distribution of 187 Boys and 165 Girls, 6 to 12 Years of Age. 


6 7 8 9 10 II 12. Totals 


BG B G SG BG BG BG BG 


Special Class 2 I 3 3 3 I 
Kindergarten 8 3 
Grade I- 13 4 
Grade I 14 14 
Grade II- 

Grade II 2 
Grade III- 

Grade III 2 
Grade IV- 

Grade IV I I 5 
Grade V- I 
Grade V 7 II 10 
Grade VI- 

Grade VI I 10 
Totals 37 23 29 31 “ne @ asl 28 20 18 1 
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It is generally conceded that a difference exists in the reactions 
of the sexes to the school curriulum, the girls in the long run mak- 
ing better progress in school work than the boys. A study of 
Table 10 shows that in general the girls have a slightly higher 
distribution than the boys, these relations being more clearly 
indicated in Table 11 in which the average grade of the subjects 
of each age and sex is shown. In computing the average grade, 
the kindergarten was counted 0; Grade I—, 0.5; Grade I+, 1.0; 
Grade II—, 1.5; etc. Each subject in the special class was as- 
signed a grade 0.5 lower than the lowest subject of his age (o be- 
ing the smallest value given), on the theory that each subject in 
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the special class was less satisfactory than any of his comrades in 
the regular class. The fact that there were no girls in the special 
class would cause an unduly exaggerated difference between the 
average grades of the boys and girls. For this reason, the 
average grades of the boys, including and excluding the special 
class cases, were separately figured, these values being separately 
shown in Table 11 under Boys A (the average grade including 
the special class cases), and Boys B (the average grade exclud- 
ing the classes). Had the special class subjects been in the regu- 
lar grades, they would have lowered the average of each group, 
so that the two values may be taken only as limits, the values 
under “Boys A” being the lower limit, and those under “Boys B,” 
the upper limit. 


TABLE 11 
Actual Average Grade of Boys and Girls in Each Age Group. 
BOYS A BOYS B GIRLS 
No. Average Age No. Average Age No. Average Age 
(M. V.) (M. V.) (M. V.) 
Age 6 37. ~—s: 0.55 (0.34) 35 0.59 (0.33) 23 0.87 (0.35) 
Age 7 2 1.24 (0.64) 28 1.29 (0.63) 31 1.31 (0.65) 
Age 8 24 1.94 (0.91) 21 2.21 (0.65) 28 2.25 (0.59) 
Age 9 20 2.48 (1.04) 17 2.91 (0.69) 22 2.98 (0.62) 
Age 10 31 3.92 (0.71) 31 3.92 (0.71) 23 4.19 (0.80) 
Age II 28 4.66 (1.20) 25 5.04 (0.77) 20 4.83 (0.88) 
Age 12 18 4.72 (0.91) 17 4.82 (0.88) 18 5.03 (0.59) 


Table 11 shows that the scholastic ability of the girls as indi- 
cated by the average grade is uniformly higher than that indicated 
by the lower limit of the boys, and is below the upper limit of the 
boys in only one case (at 11 years). A slight sex difference in 
school work in favor of the girls may therefore be assumed at the 
outset. It is significant that the upper limit of the 11 year boys 
is higher than that of the 12 year boys, and that the lower limits 
show a difference of but 0.06. This would indicate a poor selec- 
tion of 12 year boys, or a superior selection of Ir year boys. 
Both measures of the scholastic ability of the boys show a gener- 
ally higher variability than that of the girls. 

From Table 9 it may be seen that the growth in the actual 
average age of each sex -is not uniform from year to year, the 
minimum increase for boys being 0.84 yr. (from I1 to 12), and 
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for girls 0.83 yr. (from g to 10), while the maximum increase 
for boys is 1.13 yr. (from 10 to 11), and for girls 1.15 yr. (from 
10 to i1).- A more marked lack of regularity in the growth of 
scholastic ability from year to year as measured by the average 
grade is shown in Table 11, no increase being shown by the 12 
year boys over the 11 year boys, while the 10 year boys show an 
increase of 1.44 to 1.01 grades over the 9 year boys. In the same 
way the I0 year girls show an increase over the 9 year girls that 
is nearly three times that of the 7 year girls over the 6 year girls, 
while the increase of the 7 year girls over the 6 year girls is 
twice that of the 12 year girls over the 11 year girls. These 
relations indicate that the selection of subjects is not uniform at 
each age. The subjects of any one age may be either a superior 
or inferior selection of all children of that age, and there is no 
reason for supposing that this random sample of superior or 
inferior subjects of any age will correspond to a similar sampling 
of the subjects of the opposite sex of the same age. 

The process of calculating the percentage that the boys and 
girls of each age pass each test is extremely simple, but the 
conclusion, that the differences found between the percentage 
passed by the sexes at each age may be attributed to sex differ- 
ences, is not justified unless all the variable factors are known. 

A previous chapter showed variations in the tests due to the 
influence of the personal equation of the experimenters. To 
avoid this variable influence, only those tests were studied that 
showed that they were free from the influence of this factor. 
Inasmuch as each experimenter examined approximately the same 
number of boys and girls of each age, any influence of this factor 
would be equalized, provided, of course, that there were no differ- 
ences in the reaction of the experimenters to the two sexes. In 
the detailed study of the design test, it was found that experi- 
menter C was more lenient in marking girls than boys. The 
possibility of a similar interpretation in a few other tests was 
suggested, but not demonstrated. In analysing the results for 
sex differences, however, the possibility of such an interpretation 
must be kept in mind. 

Another possible source of error is that due to incomplete data. 
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The experimenters, in giving the tests, would give only those 
within the approximate range of the subject, so that each test 
would be given to a superior selection of children below the 
normal range of the test, and to an inferior selection of subjects 
above this range, a process tending to make the apparent growth 
of an ability less than the probable real growth. In comparing 
the results of the sexes, however, it is not necessary to have ac- 
curate results on the growth of an ability, but results which have 
the same determining factors. If the experimenters gave the 
test to approximately the same proportions of boys and girls at 
each age, a comparison of the percentage passed is legitimate, 
even if a small proportion of the whole group were actually 
tested, for the proportion would include the same selection of 


subjects. The number of boys and girls at each age, and the © 


percentage that each test was given to these subjects are shown 
in Table 12. The test of counting 13 pennies, for example, was 
given 37 times to 6 year boys, or 100% of the possible number 
of times, while the test of counting from 20 to 0 was given 27 
times to the same group, or 73% of the possible number of 
times. Column A shows the total number of times each test was 
given to all of the boys and girls. Column B gives the average 
age of all the boys and girls to whom each test was given. The 
average given in this case is not the actual average derived from 
the actual chronological age of each subject figured in tenths, but 
the weighted* average, the whole numbers 6, 7, 8, 9, 10, 11, and 
12 being used. 

Table 12 shows a very close correspondence between the per- 
centage that each test was given to boys and girls of each age, so 
that the error due to incomplete data, though present, is present 
to the same extent in the results of both sexes, and may be 
disregarded. A fairly close correspondence in the average age 
of all the boys and girls to whom each test was given is also 
indicated in Table 12. In the test of counting stamps there is an 


1 For example, in the test of counting 13 pennies, the average age of the 
boys to whom the test was given is,— 


(37x6) + (28x7) + (16x8) + (8x9)-+ (7x10) + (3x11) + (1x12) 


Too 





= 7.33 years 
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TABLE 12 
Percentage that Each Test Was Given to Boys and Girls of Each Age, the 
Total Number of Times Each Test Was Given to Each Sex and the 
Average Age of All Subjects of Each Sex to Whom Each Test Was 
Given. 





A B 
Chronological age 6 7 8 9g 10 11 12 Total Average 
number age of 
Number of subjects Boys 37 29 24 20 31 28 18 of subjects. 
Number of subjects Girls 23 31 28 22 23 20 18 times (weighted) 
given 
Counting 13 pennies Boys 100 97 67 40 23 11 6 100 7.33 
Girls 100 94 68 41 26 10 II 90 7.50 





Describing pictures Boys 100 90 67 45. 26 Ir 6 100 7.38 
Girls 100 94 68 4I 30 20 II 93 7.06 





Copying diamond Boys 100 93 63 60 32 14 17 108 7.30 
Girls 100 94 61 64 35 20 II 97 7.74 


Naming colors Boys 100 93 67 45 23 11 6 100 7.35 
Girls 100 94 68 4I 30 I5 II 92 7.62 


Counting from 20 too Boys 97 83 80 61 21 44 8.18 
Girls 74 7I 79 77 52 35 28 8.25 





Counting stamps Boys 65 97 88 80 61 21 44 8.23 
Girls 83 87 79 82 52 35 30 8.23 


pt ee 


Repeating all digits Boys 95 100 100 100 100 100 100 
Girls 96 97 96 100 I00 100 I00 8.78 


Pr an 


Naming days of week Boys 92100 83 80 61 21 44 8.04 
Girls 96 90 82 82 52 35 


Giving day and date Boys 43 76 88 95 84 64 
Girls 78 77 93 100 78 75 


Naming the months Boys 41 79 79 95 81 54 
Girls 39 65 93 100 70 65 


Naming money Boys 27 62 67 90 97 64 
Girls 43 39 86 95 100 80 
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Copying designs Boys 16 31 67 85 94 79 
Girls 26 19 57 96 80 


3 words in sentence Boys 8 31 63 100 93 
Girls 26 26 68 100 95 


a 
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60 words in 3 minutes Boys 11 21 38 81 93 
Girls 30 10 32 74 90 


Giving rhymes Boys 8 21 25 74 8&9 
Girls 13 13 36 74 90 


Defining “fork” etc. Boys 38 62 50 48 25 
Girls 6r 65 61 39 20 
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actual correspondence. The greatest difference is that of 0.6 yr. 
in the test of giving the date. The differences, on the whole, are 
small, but must be taken into consideration when comparing the 
percentages that all boys and girls pass each test. 

Two methods are available for studying the influence of sex 
differences on the individual tests. The first is that of comparing 
the results of boys and girls of each age on each test. This 
method is affected by the chance selection of superior or inferior 
subjects, and the results can have no meaning unless the relations 
of the groups of each age of the same sex are understood. For 
example, the fact that the 12 year boys are 36% lower than the 
12 year girls in the test of naming the months has no significance 
as an isolated finding, for its significance is modified by the 
additional fact that this group of 12 year boys is 10% lower 
than the 9 year boys, 12% lower than the Io year boys, and 9% 
lower than the 11 year boys on the same test. 

The other method is that of comparing the per cent. that all 
subjects of each sex pass each test. This method avoids the 
factor of variations in the results due to a chance superiority of 
one age group over the other of the opposite sex, but, at the 
same time, it tends to obscure the magnitude of the differences 
that might occur. The most reliable differential measure be- 
tween two groups is one that is well within the range of ability 
of the groups. The difference will be obscured if the measure is 
too easy or too difficult. A comparison of the results of all 
subjects would, in this way, tend to minimize’ the magnitude of 
the real difference between the groups. Furthermore, there is a 
possibility that one sex might acquire an ability first, but even- 
tually be surpassed by the other. The per cent. that all subjects 
passed would show no deviation, because the two tendencies 
would balance. 


2 For example, if there were 20 subjects of each age and of each sex from 
6 to 12, and a certain test were passed by 75% of the 6 year girls, and by 
all of the 7, 8, 9, 10, 11 and 12 year girls, by 50% of the 6 year boys, 75% 
of the 7 year boys and all of the remaining groups, the total percentage 
passed for all girls would be 96%, and for all boys, 89%. The differential 
character of the test is indicated by the value 7%, while its actual differential 
character, just within the range of ability of the groups, is 25%. 
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Neither method, then, is entirely satisfactory, the first because 
it would tend to exaggerate chance differences, the second because 
it would tend to obscure real differences. The method used in 
this study is that of comparing the results of non-selected and 
selected subjects of each age and sex, studying first the general 
growth of each ability from age to age within each sex, and using 
the per cent. that all subjects pass each test to determine the cor- 
relation between the results of non-selected and selected subjects. 

Table 13 shows the percentage of proportion® that the boys and 
girls of each age pass each test, the percentage that all boys and 
girls pass each test, the actual percentage that the boys are su- 
perior to (+) or inferior to (—) the girls of each age, the differ- 
ence between the average age of all boys and girls to whom each 
test was given, and the difference between the percentage that 
all boys and girls pass each test. 

The differences between the performance of the boys and girls 
at each age have no meaning unless the general growth of the 
abilities in each sex is first understood. Studying first the re- 
sults of the 187 non-selected boys shown in the first seven 
columns of Table 13, it may be seen that the growth of ability 
in each test is rather irregular. The test of naming the months, 
for example, shows a slight decrease from 9 to 12. The differ- 
ences between the percentage performances of the subjects of 
each age and those of the preceding age were calculated. The 
I2 year group, compared to the 11 year group, is +11% on the 
test of giving the date, —9% on the test of naming the months 
etc. 61 differences were thus obtained, varying in magnitude 
from —15% to +36%, the median being +8% (Q=9.75%). 
13 of the deviations (21% ) were minus values. The largest nega- 
tive deviations occurred in the tests of naming colors (—15%, 7 
to 8), naming money (—15%, I1 to 12), and constructing a 
sentence containing two ideas (—13%, 8 tog). The remaining 
IO minus deviations were less than 10%. 

8’ The proportion given is the number of times a test was given over the 
number of times a test was passed. No percentages were calculated for 
tests given less than 12 times, and no percentages are given for the defini- 


tions tests on account of the small number of times they are given to all 
subjects. 
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m4 CARL C. BRIGHAM 


An index of the growth from year to year was obtained by 
calculating the average percentage increase from one age group 
to another. For example, the 7 year boys were 26% higher than 
the 6 year boys in the test of naming colors, 5% higher in naming 
the date etc.. The average of the 10 possible comparisons between 
6 and 7 year boys shows that the latter averaged 16.1% higher 
than the former. The average increases in percentage passed 
from year to year are as follows,—6 to 716.1% ; 7 to 8==13.5% 
8 to 9=8.7%; 9 to 10—=11.2%;3 10 to 11=6.0%; and II to 


- 120.2%. These figures show strikingly the irregularity of 


the growth from age to age. Comparing these average percent- 
age increases in tests with the averages shown in Tables 9 and 11, 
there is no observable relation between this increase and the in- 
crease in average age from age to age, or the increase in average 
grade from age to age. The smallest increase in the tests 
(0.2%, 11 to 12) coincides with the smallest increase in average 
age from year to year (0.84 yr.), and the smallest increase in 
average grade from year to year. The other relations are 
varied. ; 

The fact of the variability in the results of the non-selected 
boys stands out. The irregularity of the growth of the various 
abilities, and the fact that in 21% .of the cases the boys of one 
age are actually lower than those of the previous age, point to 
the conclusion that certain allowances will have to be made for 
chance variations. It is not possible to acccount for the varia- 
tions in growth by reference to the relative increase in average 
age or average grade from year to year. 

The results of the 165 non-selected girls, shown in italics in 
the first seven columns of table 13, were studied in the same 
manner as the results of the boys. 60 differences between the 
percentage performance of the girls of each age and those of 
the preceding age were obtained. These differences ranged from 
—33% to +50%, the median being 7% (Q=8%). 10 of the 
deviations (17%), were minus values. The largest deviations 
were shown in the tests of naming 60 words, (—33%, I1 to 12), 
counting stamps (—20%, 9 to 10), and drawing designs 
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(—14%,8tog). The remaining 7 minus deviations were below 
10%. 

The average increases in the percentage passed from year to 
year are as follows,— 6 to 73.9%; 7 to 815%; 8 to 9= 
8.8% ; 9 to 10=10.1% ; 10 to 11=8.7%; 11 to 12=1.8%. Both 
boys and girls show the smallest average increase in the percent- 
age passed in the step from I1 to 12, and the magnitudes of the 
increases agree fairly well except for the step from 6 to 7. The 
increase of the 7 year girls over the 6 year girls is 3.9%, the 
next to the smallest increase of one age group over any preceding 
group. The 7 year boys, however, show an average increase of 
16.1%, over the 6 year boys, the largest increase of any group 
of boys over any preceding group. It will be difficult, then, to 
draw conclusions concerning sex differences from a comparison 
of the 6 year boys and girls, for the 6 year girls are either a 
superior selection or the 6 year boys are an inferior selection 
if the character of these groups be judged by the comparison 
with the 7 year subjects. The same comparison, on the other 
hand, might indicate that the 7 year girls were an inferior se- 
lection and the 7 year boys a superior selection from the general 
run. It is only possible to point out the irregularity, however, it 
is not possible to show the cause of the irregularity. 

A comparison of the average increase in the percentage passed 
by girls from age to age with the increase in the average ages 
shown in Table 9 shows no demonstrable relation to exist. Com- 
paring this growth in the ability on the tests with the growth in 
average grade, shown in Table 11, shows a very positive relation 
to exist between these factors. Where the increase in average 
grade is smallest (i.e. from 6 to 7 and from 11 to 12), the in- 
crease in the tests is smallest (3.9% and 1.8%), while the great- 
est increase in grade (from 9 to 10 and from 7 to 8) coincide 
with the greatest increase in the test abilities (10.1% and 
15.0%). This relation was not indicated in the results of the 
boys. The explanation of this fact that a correlation between 
the increase in the tests with grade was found in the results of 
the girls but not of the boys is a matter of speculation. It has 
been shown that the boys have a higher variability in grade than 










































ot 
a : 
7a - 
* bea 
; : 
4 
q 
.) 
- 
+ 
Be 
i 
» / 
° 
" 
Ee : 
‘ 
s | $e 
H 7 
gf 
ee) 
ty 
st 
“+ 
5 : 
2 aw 
fee : 
a | ae 
? Lf 
4 4 
4 4 
44 
4 
a 
oo 
. 3 
a4 t 
eR 
PS - 
s 
: rf 
re 
ia 
ea) 
ba] 
iS. 
: 
he 
4 
ee 4 
oy, ae . 
. $ 
(if 
iS 
«a > § 
mit 
- % 
i 
ie 
en ; 
‘a ee 
a 
bs _ 
be 4 
sa @ 
i 3 
Be 
' gl 
3 7. 
te 
i? s 
; fe 
: jo 
s $4 
4 ; 
+ 
H 4 
i: & 
: Ft 
é ‘fi 
ibs 





76 CARL C. BRIGHAM 


girls. This tendency of the boys to be distributed in a wider 
range of grades might nullify the grade correlation slightly, 
but probably not to any considerable extent. The fact that the 
causes of this variation are not determined serves to illustrate 
the dangers of comparing the results of two groups when the 
factors operating on the groups are not known. 

The foregoing study of the growth of the various abilities 
from age to age in each sex, and the analysis of the causes in- 
fluencing this growth, demonstrates the great variability of the 
results. This fact of variability must be considered before draw- 
ing conclusions concerning sex differences by the method of 
comparing the results of boys and girls of each age. 

The percentage differences between the performance of non- 
selected boys and girls of each age are shown in Table 13. In 
actual magnitude, these differences vary from 0% to 36%, the 
median being 9% (Q=5.5%). 75% of the differences are 
17% or under, and only 16% are over 20%. In regard to sign, 
the differences vary from —36% to +26%, the median being 
—3.5% (Q=8.75%), showing a slight general superiority of 
the girls. If the number of possibilities of variation in compar- 
ing the results of small groups of non-selected subjects are 
taken into consideration, the presence of mental defectives, of 
subjects having language difficulties, of subjects in different 
grades influenced by different training, the possibility of a super- 
ior selection of subjects at one age group than at another, and the 
probability that similar chance samplings would not fall at the 
same age, the fact of correspondence indicated in Table 13 has 
more meaning than the fact of divergence. 

The variability indicated in the study of the growth of abilities 
with age was so great that it makes interpretation of the results 
in terms of sex differences very difficult, and warranted conclu- 
sions impossible. It is legitimate to expect that the older subjects 
of either sex should make higher scores than the younger sub- 
jects of the same sex, but this was not found to be the universal 
rule. The boys’ results showed minus deviations in 21% of the 
cases and the girls’ results showed minus deviations in 17% of 
the cases. In one case the 12 year girls were 33% lower than 
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the 11 year girls. If this value (33%) be taken as the error due 
to chance variation, then only one value, that of —36%, (naming 
the months, age 12), may be taken as significant, and it has been 
seen that in this test the 12 year boys are 10% lower than the 9 
year boys. The conclusion would follow, then, that there were 
no sex differences. This alternative, however, seems to place too 
much weight on one variation so that the truth probably lies in 
the assertion that the sex differences, that actually exist, are 
slight. 

A study of the reactions of selected groups of boys and girls 
should throw light on the results from non-selected subjects, and 
make conclusions more certain. Subjects were selected by a 
process of elimination and selection. All of the subjects that 
were in the special class and minus grades were eliminated, along 
with all children of non-English speaking parents. From the 
following group of English speaking subjects in the regular 
grades all subjects were eliminated who had entered grade at an 
age very much above or below that of the general run of en- 
trants.‘ The remaining subjects ranged in age from 4.3 years 
to 14.4 years, but were found to group rather closely around 
certain ages. It was possible to find four groups of boys and 
girls of approximately the same chronological ages. The char- 
acter of these subjects is indicated in Table 14. 

The four groups of subjects, chronologically from 6.0 to 6.9, 
7.6 to 8.9, 9.7 to 10.9 and 11.7 to 13.3 (which will be referred 
to as 6, 8, 10 and 12), were distributed in approximately the 
same grades, and had approximately the same average age and 
average grade. The results of these groups are shown in Table 
15, which is arranged to show all the facts for selected subjects 
that were given for non-selected subjects in Tables 12 and°13. 


The first four columns show the percentage that each test was 


given to each group. The next four columns show the percentage 
or the proportion that the subjects in each group passed each 


4The ages on entering each grade of the subjects retained were as fol- 
lows,—Kindergarten = 4, 5 and 6; Grade I = 5, 6 and 7; Grade II = 6, 7 
and 8; Grade III = 8, 9 and 10; Grade IV = 9, 10 and 11; Grade V = 10, 
11 and 12; Grade VI = 11, 12 and 13. 
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TABLE 14 


Age in Grade Distribution, Average Grade and Average Age of 167 Selected 
Subjects. 86 Boys and 81 Girls. 


Age in Grade Distribution 

Age Group Sex K I IIIIITIV V VI TOTAL Average Average 
Grade (M.V.) Age (M.V.) 
6.0to 6.9 Boys 5 13 18 0.72(0.40) 6.52 (0.22) 
Girls 3 13 2 18 089(0.30) 6.53 (0.22) 
76to 89 Boys > = 23 1.83 (0.51) 8.09 (0.38) 
Girls 2 13 20 + 2.15 (0.43) 8432 (0.38) 
9.7to0 10.9 Boys 20 3.80(0.48) 10.37 (0.36) 
Girls 21 3.81 (0.69) 10.14 (0.32) 


11.7 to 13.3 Boys 15 25 552(0.58) 12.35 (0.55) 
Girls II 22 5.36 (0.64) 12.41 (0.46) 


test. Column A shows the total number of times each test was 
given to all boys and girls, Column B, the weighted average age 
(the average ages given in Table 14 being used), and Column C 
the percentage that all subjects passed each test. The next four 
columns show the percentage that the boys are above (+) or 
below (—) the girls. Column D (derived from Column B), 
gives the difference between the average ages of all subjects to 
whom each test was given. Column E (derived from Column 
C), gives the differences between the percentages passed by all 
boys and girls on each test. 

The growth of the various abilities with age in the selected 
groups of subjects is more uniform than that shown by the non- 
selected subjects. Only three cases appear in which the younger 
subjects make higher scores than those of older subjects, these 
exceptions occurring in the tests of describing pictures (—3%, 
girls 6 to 8), naming colors (—7%, girls 6 to 8), and naming 
months (—9Q%, boys, 10 to 12). In the comparison of the 
sexes 41 differences are obtained varying in magnitude from 
—28% to +26%, the median being 0% (Q=9.5%). In actual 
magnitude the differences vary from 0 to 28, the median being 
10% (Q=4.75%), the median being 1% higher than that of 
non-selected data, and the variability 0.75% less. 75% of the 
differences were less than 14%. 
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The change of the median of the series of differences from 
—3.5% (non-selected) to 0% (selected) shows that the elimina- 
tion of over age and special grade pupils has helped the boys 
more than the girls, and has altered the general relations between 
the sexes. This fact is also indicated by the average difference 
in the percentages that all subjects pass each test, the average for 
non-selected subjects being —1.4% and for selected subjects 
+1.6%. The non-selected boys from 6 to 12 were given, in all, 
2436 tests, these tests being passed 60.8% of the time. The 
non-selected girls were given 2195 tests, passing 61.6%, the 
advantage being 0.8% in their favor. The selected boys were 
given 1125 tests, passing 64.3%, an advantage of 0.1% over the 
girls who passed 64.2% of 1034 tests. The foregoing changes 
indicate clearly that the selection of subjects has changed the 
general relations between the sexes, helping the boys more than 
the girls. 

The relations between the results of selected and non-selected 
subjects may be studied by a comparison of the differences be- 
tween the percentages passed by all subjects. If the differences 
between the scores of the boys and girls are due to but one 
factor, that of sex differences, then the correlation between the 
two methods of study should be very nearly absolute. The cor- 
relation (Pearson product-moments formula) between the dif- 
ferences in the percentage passed by all boys and girls according 
to the two methods is 0.726 (pe=o.075). This correlation be- 
tween the two methods is high, but it would probably be high 
inasmuch as the 167 selected subjects are included in the 352 
non-selected subjects. The results of the two methods show cer- 
tain large discrepancies. The changes of the greatest magnitude 
are those shown by the 60 words test (-+4% by the first method 
to + 18% by the second), the tests of defining in terms superior 
to use (+7% to +21%), of naming the days of the week, 
(—16% to —2%), giving rhymes, (—10% to +1%), naming 
colors, (—14% to —4%), copying the diamond, (+1% to 
—8%), and counting from 20 to 0 (—8% to —16%). 
The comparison of the median differences shows that 
the selected method tends to improve the results of the boys more 
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than those of the girls. All of the changes in the results of the 
two methods are not in favor of the boys, however, the total 
scores on the diamond and 20 to o tests showing changes in 
favor of the girls. If the cause of the variations shown by the 
first method is the presence of a few children of non-English 
speaking parents, to special class and minus grade children, then 
the elimination of this source of error should change the results 
in only one direction. 

The analysis of the results of selected subjects, therefore, does 
not lessen the difficulty of the interpretation of the results in 
the light of sex differences. The rate of growth of the various 
abilities with age is irregular. The analysis of the irregularities 
points to the fact that the boys or girls of any age may be a 
chance selection of superior or inferior subjects at that age. The 
method of comparing selected subjects would tend to eliminate 
the inferior selection of subjects, but would not eliminate the 
possibility of a superior selection. 

The comparison of the results of the sexes shows differences 
at certain ages and on certain tests that are as high as 20%. 
The problem involved is that of deciding whether these large 
differences are due to chance or to differences in the reactions 
of the sexes. Certain tests show large deviations first in favor 
of one sex and then in favor of the other. If a difference of a. 
percentage of any magnitude on any test is to be attributed to a 
sex difference, then.the same line of reasoning will show that in 
certain tests the abilities change from one sex to the other. The 
analysis of the tests that show this crossing of ability should 
throw light on the other tests. 

Three tests show substantial differences in favor of both sexes 
according to both methods. In the test of copying the diamond, 
the non-selected girls lead at the start, age 6, and the boys are 
ahead at 7, 8 and 9, the same relations being shown by selected 
subjects of 6 and 8. In the test of copying the designs from 
memory, the non-selected girls are 24% below the boys at age 9 
and 21% above the boys at age 12, the same relations being 
shown by the selected subjects of 10 and 12. In the test of 
naming 60 words in three minutes, the non-selected girls are 
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19% above the boys at 9, and 19% below at 12. The selected 
boys of 10 and 12 are in advance of the girls in this test. 

These three tests are crucial in the consideration of the prob- 
lem of whether differences shown between the boys and girls are 
due to actual sex differences or due to accidental causes. Each of 
these tests may be studied by a method more accurate than that of 
comparing the percentage passed at each age. The reproductions 
of the diamond were arbitrarily sorted in six groups according 
to their merits by a method described in the discussion of the 
personal equation. The first group contained the best repro- 
ductions, the sixth, the poorest. The reproductions of the 
designs were graded from 0 to 20 by an arbitrary point system 
described under the discussion of the personal equation. A 
measure of the ability in the 60 word test is the actual number of 
words given in three minutes, a measure recorded by the experi- 
menters in each case. Table 16 shows the average score made 
by the non-selected and selected boys and girls of each age in 
these three tests. 

TABLE 16 
Average Score (Mean Variation) of Subjects of Each Age on Three Tests. 


Copying the Diamond Drawing the Designs Naming 60 words 
Average Group of Average number of Average number of words 
the Reproductions. points scored, given in three minutes. 


Boys Girls Boys Girls Boys Girls 

4.27(1.28) 3.57(1.24) 

2.85(1.04) 3.17(1.37) 

2.20(1.15) 3.24(1.57) 8.06(6.19) 9.00(5.25) 

2.33(0.89) 3.00(1.29)  10.29(5.30) 5.32(4.61) 52.93(11.20) 59.91(10.10) 
9.17(5.33) 9.18(6.73)  68.12(13.12) 61.76(11.25) 
8.64(6.73) 10.94(7.06)  73.65(13.35) 71.28(14.25) 
8.64(6.02) 11.08(6.08)  68.75(12.28) 58.14(12.57) 


unselected subjects 


4.27(1.20) 3.33(1.26) 

2.32(1.00) 3.00(1.17) 
I 9.55(5.60) 7.20(6.42)  67.31(12.74) 62.13(11.39) 
12 12.53(5.38) 13.56(5.55)  75.33(10.92) 66.84(13.87) 


selected 
subjects 


The relations indicated by the percentage passed are also indi- 
cated by the more reliable method of comparing the average 
scores. In the test of copying the diamond, the 6 year non- 
selected girls average 0.70 group better than the boys, while the 
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selected girls are 0.94 ahead. The comparison of the 7, 8 and 9 
year subjects shows the boys ahead in all cases, the 8 year non- 
selected boys averaging over one group higher. The non-selected 
boys show an improvement of two groups from 6 to 9, while the 
girls show an improvement of only half a group. One sex shows 
a decided growth of ability, the other practically none. If the 
differences indicated are to be taken as real, it will be necessary 
to assume that the girls pick up the ability to draw a diamond 
easier than the boys, but that this ability once obtained remains 
constant—that the effect of maturity operates on one sex but 
not on another. The number of cases on which this assumption 
is based (174 subjects from 6 to 9) is so small, and the chances 
of variation in the selection of subjects of different intellectual 
status in each age group is so large, that the assumption is not 
substantiated. 

The relations indicated in the test of copying the designs are 
more variable than those of the diamond test. The 9 year 
non-selected boys show an improvement over the 8 year boys, but 
from 9 to 12 there is a gradual decrease in the ability, so that 
the 11 and 12 year boys are only slightly ahead of the 8 year boys. 
The relations shown by the non-selected girls are exactly the 
reverse of those of the boys. The 9 year girls are very much 
lower than the 8 year girls, and a gradual increase appears from 
9 to 12 instead of a decrease. The comparison of these opposite 
relations gives a maximum difference in favor of the boys at 9 
and the girls at 12. If the relations indicated in this test are to be 
considered definite, the assumption is involved that the influence 
of increasing age on one sex is exactly opposite to that on the 
other sex, an assumption that is not substantiated in view of the 
small number of cases (183 subjects from 8 to 12) and the possi- 
bility of selecting subjects of chance superiority in the small 
groups at each age. 

The relations indicated in the test of naming 60 words are 
more constant than those shown in the diamond or design tests. 
Both sexes show a growth of ability from 9 to 11 and a decrease 
from It to 12. The growth is irregular, however, the girls 
showing less growth from 9 to 10, and a greater drop from 11 to 
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12, so that a comparison of the sexes shows a deviation in favor 
of the girls at 9 and of the boys at 12. The assumption of any 
large sex differences in this test involves the assumption that 12 
year girls have less ability in this test than 9 year girls, and that 
the influence of maturity operates differently on the two sexes, 
an assumption that is not substantiated in view of the many varia- 
ble factors. 

The conclusion that a definite crossing of ability between the 
sexes occurs in the tests of copying the diamond, copying designs 
and naming 60 words, is not substantiated. It is not justifiable 
to attribute a difference of 20% between the sexes to a real sex 
difference on one test and not on another. If the differences 
shown between the results of the sexes in the tests of constructing 
a sentence containing one idea, of naming the months, naming 
the days of the week, counting stamps and naming colors are 
to be attributed to sex differences, then the variations in ability 
shown in the diamond, design and 60 word test must be assumed 
to be definite. These assumptions were not found to be sub- 
stantiated, however, so that it is not possible to draw any con- 
clusions concerning sex differences from a study of the percent- 
age that selected or unselected subjects of each age pass each 
test. 

The variable influences due to the selection of subjects of 
different status at each age are eliminated or counterbalanced to 
some extent by combining the subjects of all ages. The differ- 
ences between the percentages that all boys and girls pass each 
test are to some extent influenced by the ages of the subjects to 
whom each test was given. The correlation (Pearson product- 
moments formula) of the differences between the percentages 
that all non-selected boys and girls passed each test with the 
difference between the average ages of all the non-selected boys 
and girls to whom each test was given is 0.394 (pe==0.134). The 
correlation between the same arrays from selected subjects (i.e. 
between Columns D and E of Table 15) is 0.388 (pe=o.135). 
These correlations between the tests and age are high enough to 
indicate that the factor of age is present to some extent. The 
close correspondence in the correlations from the two methods 
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indicates that the age factor is present to the same extent in both 
methods. The tests vary in the degree with which they correlate 
with age, so that it is not possible to estimate the amount of the 
influence of this factor. Furthermore, it has been seen that the 
results from the two methods are not in strict accordance, that 
the elimination of inferior subjects caused changes in the results 
in both directions. For these reasons, it is not possible to draw 
any conclusions concerning sex differences from a comparison 
of the percentages passed by all subjects. 

Certain negative conclusions are, however, possible. The num- 
ber of subjects at each age in both methods is comparatively 
small. The chances of variations due to factors other than sex 
differences has been shown to be very large. The fact of corres- 
pondence between the results of the two sexes is therefore of 
more importance than the fact of divergence. 75% of the differ- 
ences between the non-selected boys and girls are 17% or under, 
while the same proportion of the differences between selected 
boys and girls falls under 14%. If it is assumed that the subjects 
of any age should not test lower than those of any preceding age, 
and allowance is made for differences between the sexes that are 
exaggerated on account of the chance falling off of ability with 
older subjects, only 9% of the differences between the non- 
selected boys and girls are over 20% (derived from Table 13). 

The evidence from the foregoing methods of study points to 
the conclusion that the sex differences, if present, are under 20% 
or 25% as a maximum, and that deviations of this magnitude 
are marked exceptions to the general run of differences. The 
conclusion that the differences that might possibly be attributed 
to the sex factor are slight, has no meaning unless the word 
“slight” is defined independently of the writer’s personal opinion. 
The differences shown between the results of the sexes are 
smaller than those that were attributed to the factor of the per- 
sonal equation in the study of the results of the four experi- 
menters. It was concluded that certain tests were influenced by 
grade training. These tests showed from 40% to 60% improve- 
ment from one grade to-another, so that the greatest influence 
that may be attributed to the sex factor is only approximately 
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one half that due to grade training. The following study of the 
diagnostic value of the tests will show that the deviations that 
might be attributed to the sex factor are insignificant when com- 
pared to the differences between the reactions of normal and re- 
tarded children to the individual tests. 

Most of the investigators who have studied the factor of sex 
differences in the Binet tests, have studied them from the stand- 
point of the “mental ages” or total scores made by the subjects 
of both sexes. A few investigators have studied sex differences 
in the light of the individual tests. Descoeudres (20) reports the 
results of the application of the Binet tests to 24 subjects, one 
good and one poor pupil of each sex from each of six school 
grades, drawing conclusions from this investigation concerning 
the diagnostic value of the individual tests and the sex differences 
involved. Obviously the number of subjects is too small to 
allow any conclusions to be drawn. Chotzen (18) compared the 
percentage that all feeble-minded boys and girls passed each of 
I5 tests, finding differences varying in magnitude from 1% to 
20%. The largest deviations were those of 20% in favor of 
the boys in the test of copying the diamond, 13% in favor of the 
girls in the test of executing three commissions, 12% in favor 
of the boys in naming the pieces of money, 11% in favor of the 
girls in the test of repeating a sentence of 16 syllables, and 10% 
in favor of the girls in detecting omissions in pictures. All other 
differences were less than 10%. 

Bloch and Preiss (9) examined 155 normal Volkschule chil- 
dren (79 boys and 76 girls) varying in age from 7 to 13. Bober- 
tag’s translation was used. These investigators found very strik- 
ing differences in the reaction of the sexes to the individual tests, 
the differences running as high as 52%, most of them in favor 
of the boys. The differences between the performances of the 
boys and girls of each age were calculated, without reference to 
the many sources of variation. The factor of the personal equa- 
tion is not treated, and this factor alone might cause these varia- 
tions. If a more careful analysis of the results had been 
made, it is very probable that the conclusions would have 
been modified to some extent. The fact that the 11 year 
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boys are 37% higher than the 11 year girls on the test 
of criticising absurdities is most certainly modified by the 
fact that the 11 year subjects are 30% lower than the 10 
year subjects in the test of repeating 7 digits. The small num- 
ber of subjects (in five cases less than 10), would tend to empha- 
size chance variations. The fact that the number of subjects is 
too small to warrant definite conclusions is pointed out by the 
authors. Stern (62) in commenting upon these results, points 
out the significance of the fact that the inferiority of the girls 
extends to so many different kinds of tests. The results of 
Bloch and Preiss are in almost complete contradiction to the re- 
sults of the present investigation. They find large differences, 
and find practically all of these differences in favor of the boys. 
This investigation shows a general run of differences very much 
smaller, and a slight general superiority of the non-selected girls. 
The mere fact of contradiction in the results of the two investiga- 
tions would indicate that the differences were not produced by 
the common factor of sex. Rogers and McIntyre (54) give no 
figures, but report that they have studied their results in the light 
of sex differences, and have found no correlation between their 
results and those of Bloch and Preiss. 

The results of the investigators who have compared the “men- 
tal ages” or total scores of children of different sexes are some- 
what at variance. Goddard (30) reports that there are more 
backward boys than girls. Stern notes that Goddard’s results 
do not bear out his statement, for the percentage of boys and 
girls testing two or more years retarded is the same (18.5%). 
The accuracy of Goddard’s statement depends on the criterion® 
used for measuring backwardness. Although Goddard’s state- 

5 If the criterion is four or more years retarded, there are more backward 
boys than girls (boys = 3.7%, girls = 3.1%). If the criterion is three or 
more years backward, there are more girls than boys (boys = 8%, 
girls = 9.1%). If the criterion is two or more years backward, the propor- 
tions are the same, as Stern notes. If the criterion is one year or more re- 
tarded, there are more backward boys than girls (boys = 41.4%, girls = 
35.6%). There are more girls than boys testing at and above age according 
to Goddard’s results. 34.7% of the boys and 36.6% of the girls test at age, 


while 23.8% of the boys and 27.7% of the girls test one year or more above 
age. 
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ment concerning the backwardness of the boys may be interpreted 
differently, his figures leave no doubt concerning the fact that 
there are more girls than boys at and above age, and therefore 
indicate a general superiority of the girls. 

Bobertag (10) computed the average “mental age” of go boys 
and go girls regularly distributed from 7 to 12. The subjects 
were selected according to school grades, so that the average 
grade of each group differed by exactly one grade. His results 
show the boys ahead 0.06 yr. at 7, 0.14 yr. at 8 and 9, 0.20 yr. 
at 10, 0.19 yr. at 11 and 0.14 yr. at 12. These findings cannot 
be considered entirely out of harmony with those of Goddard, 
for, as this investigation shows, there may be a change in the 
relation of non-selected boys and girls and selected boys and girls. 

Yerkes and his co-workers (82), scoring some of the Binet 
tests according to the point system, show that the girls of English 
speaking parents are superior to the boys of the same parentage 
between 5 and 7, that they fall below with minor variations till 
I1, where they again surpass the boys at 12 and 13, falling below 
at 14 and 15. ‘The differences between the sexes are smaller 
and of less practical importance than the differences due to the 
language factor, but the authors suspect “that at certain ages 
serious injustice will be done to individuals by evaluating their 
scores in the light of norms which do not take account of sex 
differences.” (page 73). In contradiction to these results are 
those of Terman and his co-workers (67), who, scoring the 
Stanford revision of the Binet scale according to “intelligence 
quotients,” find differences of but 2% to 4% in these quotients 
in favor of the girls, and who conclude from the basis of their 
studies of sex differences that the conclusions of Yerkes are 
unjustified. These two investigations used tests different in 
character and differently weighted, so that the results would not 
necessarily have to correspond. 

The one common feature of most of the researches on sex 
differences in the Binet-Simon tests is that the differences are 
small. Burt and Moore (17) summarize the work of various in- 
vestigators in the general field of sex differences, and report an 
investigation of their own on 67 boys and 63 girls, 12% to 13% 
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years of age. They discuss their results and those of the other 
authors in the order of the complexity of the mental processes 
involved. They find a high correlation between the size of the 
sex difference and the simplicity of the capacities compared—the 
higher the process, and the more complex the capacity, the 
smaller the sex difference. 

The general trend of the investigations on sex differences indi- 
cates that no very large differences are to be expected in the 
application of intelligence tests, and that the differences to be 
expected will vary according to the nature of the tests. The re- 
sults of this investigation are in agreement with the general 
trend of the investigations in showing only slight differences that 
might be attributed to the sex factor. The results do not show 
on what tests, if any, these differences occur. Conclusions con- 
cerning the amount of influence of this factor must be drawn 
from more exhaustive investigations on the individual tests. The 
research of Bateman (3), for instance, is conclusive in the test 
of naming colors. Bateman shows that there is a difference of 
14% in favor of the girls in this test, showing furthermore that 
the factor of school training causes an improvement of but 18%. 
The results would indicate that the test should be placed in the 
fifth or sixth year, but the sex difference of 14% would probably 
not warrant the placing of the test in a different age group for 
boys and girls. 

The investigations of Bolton (11) and Wooley (79) would 
show that small differences in favor of the girls are to be ex- 
pected in the tests of repeating digits, and possibly in all memory 
tests. The investigations of Gilbert (27), Thompson (68), 
Burt and Moore, and Peterson and Doll (51) would indicate that 


a slight difference in favor of the boys should appear in the test’ 


of arranging five weights. Ruger’s (55) finding of striking dif- 
ferences in favor of men in a series of puzzle tests, and Wooley 
and Fisher’s finding of large differences in favor of the boys in 
the Healy puzzle-box test would show that rather large differ- 
ences might appear in the general class of “puzzle”’ tests. 

Even though the sex differences in intelligence tests may be 
shown to be small, scientific procedure should demand that the 
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investigator who standardizes any test or system of tests should 
treat his results in such a way as to demonstrate that the factor 
is present or not present. The burden of proof should still be 
on the person who maintains that sex differences are not involved. 
The knowledge of sex differences is especially important in diag- 
nosing border-line cases of mental defect, where the diagnosis 
must often be made on the qualitatively different character of 


the responses to individual tests. 































VI. SUMMARY. 





One of the fundamental assumptions in the construction of the 
Binet-Simon scale is the correlation of the individual tests with 
age. The correlation of the tests with age is affected by the 
error due to incomplete data, by the influence of the personal 
equation of the experimenter, and by the training the subject has 
received in school. 

The influence of the personal equation of the experimenter was 
found to be more marked in some tests than in others, the in- 
fluence being most marked in the tests of copying the diamond, 
indicating omissions in pictures, defining in terms superior to 
use, drawing designs from memory, detecting absurdities in state- 
ments and reconstructing dissected sentences. 

The variations between the experimenters could be traced to 
three sources,— 

1) to the use of apparatus, variations in which were due to, 

a) the construction of the test material, and 
b) the use of alternative questions; 

2) to the technique of the experimenters in giving the tests; 
and 

3) to observation errors made by the experimenters in mark- 
ing a response passed or failed. 

It is possible to eliminate all three sources of error. 

The effect of school training was more marked on some tests 
than on others, the effect being most marked in the tests of count- 
ing stamps, counting backward from 20 to 0, enumerating the 
days of the week and the months, giving the day and the date, 
naming the pieces of money, making change, and reconstructing 
dissected sentences. Tests that involve school training should be 
standardized on a different basis than those relatively independent 
of this factor. 

Although the comparison of “mental ages’ and pedagogical 
ages gives no information concerning the general correlation be- 
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tween the Binet tests and the school grades, the study of the 
individual tests establishes the fact of a general correlation. 

The correlation of the individual tests with grade is higher 
than the correlation of the tests with age, this fact being indirect 
evidence of the value of the tests as measures of intelligence. 

Sex differences were found to be slight as compared with the 
influence due to the personal equation or grade training. 

Since variations occur in the results due to the influence of the 
personal equation and grade training, certain allowances must 
be made for these factors in making diagnoses on the basis of 
the tests. The scale is therefore a qualitative rather than a quan- 
titative instrument. 

The investigator who wishes to use his results for standard- 
izing age norms should use only those data based on the com- 
plete method of experimenting, and should treat his results in 
such a way as to demonstrate the presence or absence of the 


variable factors of the personal equation, grade training and sex 
differences. 
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I. INTRODUCTION 


The Binet scale has been used to classify normal children, 
and as a means of studying mental differences due to race, sex 
and environment, but its most important function is the detection 
and classification of conditions of feeble-mindedness. The con- 
sensus of expert opinion would seem to show that the scale is 
unsatisfactory in this respect. Among the questions brought 
up at the Buffalo conference (15) was the following,—“Does 
the scale provide a reliable means of diagnosing feeble-minded- 
ness?’ The answer given was,— “It does not always furnish a 
sharp, nor a positive diagnosis of feeble-mindedness : in particular 
—a. A mental age of 10 or above is not necessarily indicative of 
feeble-mindedness, regardless of how old the examinee may be; 
and b. A young child may test almost at age and yet be feeble- 
minded as determined by other criteria.” 

W. E. Fernald (26) discussing the question of detecting 
the higher grades of mental defect, writes “The Binet tests, in 
the hands of competent examiners, usually corroborate the re- 
sults of clinical examination in the recognition of all degrees of 
mental defect in children under ten, and of pronounced defect in 
older persons. These tests are not so effective in detecting slight 
mental defect in world-wise adolescents and adults. In other 
words, the Binet tests corroborate where we do not need cor- 
roboration, and are not decisive where the differential diagnosis 
of the high grade defective from the normal is in question” 
(page (747). And again, “The Binet test does not register as 
defective certain persons who present plain evidence of mental 
defect in their personal history, school history and performance, 
social and economic relations, etc., while on the other hand, cer- 
tain individuals who fail to come up to the requirements of the 
Binet test do not present the usual personal social and econoinic 
reactions of mental defect” (page 748). 

These opinions are corroborated by the lack of agreement be- 
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tween investigators who have made studies of groups of adoles- 
cents. In the studies of delinquency for example there is a wide 
disagreement between investigators. M. Otis (50) examined 
172 girls, ages from 10 to 20, in a state home for delinquent 
girls to which commitments were made by the courts, and 
reports 25% “presumably normal,” 30% morons, and 45% de- 
fective, i.e., 75% feeble-minded. Morrow and Bridgman (47) 
report the results of an examination of 60 girls of a similar run 
of ages in a similar institution in a neighboring state, finding 
10% normal, 66% feeble-minded and 24% “doubtful.” Bridg- 
man (13) reporting the results of the examination of 118 girls 
at the same institution, the general run of admissions, gives 5% 
normal, 6% backward and 87% feeble-minded. Of the 104 
girls committed as sexual delinquents, Bridgman finds 3% nor- 
mal and 97% feeble-minded. These investigators used the same 
instrument, Goddard’s 1911 scale. Healy (33) working in the 
same general field with a much larger group of delinquents and 
with more reliable methods, finds a much smaller percentage of 
feeble-mindedness. In fact, his group of feeble-minded is but 
11.3% of the total number of cases (823), and the eatire group 
of defective types (including cases of feeble-mindedness, poor 


native ability, mental subnormality, dullness from physical causes 
including epilepsy, and specialized defects including defects of 
self-control) is but 25.3% of the whole group of delinquents 
studied. 


That the disagreement between the various investigators in 
the proportion of feeble-minded individuals reported among 
delinquents is due to the tests is shown by Kohs’ (42) study of 
335 cases at the Chicago House of Correction. Kohs used 
Goddard’s 1911 revision of the Binet scale. He also used other 
criteria for deciding whether his subjects should be classified as 
normal or feeble-minded. He found that the feeble-minded in- 
dividuals tested from 61/5 to 11 2/5, the normal individuals 
from 10 4/5 to 122/5. In other words the results of the Binet 
scale, instead of showing a positive differentiation between nor- 
mal and feeble-minded, showed a marked over-lapping of per- 
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formance. That this error in the scale in failing to make a com- 
plete differentiation is a serious one is shown by the fact that 
30% of Kohs’ cases fell within the range of over-lapping (10 4/5 
to II 2/5). 

Diagnoses of feeble-mindedness will probably never be made 
on the basis of mental tests alone, but the reliability of these 
diagnoses will most certainly be increased if the tests are im- 
proved. The lower grades of feeble-mindedness cause little 
difficulty in diagnosis. Idiots are self-diagnostic, and imbeciles 
rarely reach adolescence without detection. The moron group 
is the most difficult to diagnose. Inasmuch as this group is also 
the most difficult to treat socially, it would seem worth while to 
perfect the instruments of diagnosis. 

Competent authorities maintain that the differences between 
the normal individual and the idiot are not differences of quality 
or species, but differences only of quantity or amount of intel- 
ligence. On this theory intelligence will be found in varying 
amounts from idiocy to genius. As intelligence is a means of 
adjusting the individual to his environment, individuals will be 
found varying in the degree of adjustment from the idiot who 
can not feed himself to the individual competent to control his 
environment in a number of ways. Some authorities, for in- 
stance Witmer (74) would hold that the diagnosis of feeble- 
mindedness is a social diagnosis. According to Witmer, the 
diagnosis is not made concerning the subject’s mentality, but is 
concerned merely with the advisability of freedom or segregation. 
This view would seem to confuse the disease and its treatment, 
for the defective social adjustment of the feeble-minded is al- 
ways referred to defective intelligence, just as the defective social 
adjustment of the blind person is referred to his lack of eye-sight. 
The most profitable method of increasing the accuracy of the 
diagnosis of feeble-mindedness would therefore seem to be that of 
increasing the reliability of tests of intelligence. 

If the Binet scale fails to detect the higher grades of mental 
defect, it is legitimate to ask why it fails. Binet (7) suggested 
the answer in discussing the means of differentiating the moron 
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from the normal. He considered that six tests( arranging five 
weights, comprehending difficult questions, using three given 
words in a sentence, defining abstract terms, interpreting pictures, 
and giving rhymes) were important in distinguishing the moron 
from the normal individual of the Paris population. Binet 
therefore considered certain tests more diagnostic of intelligence 
than others. However, he offered no proof that these six tests 
were better than any others and his assertion can be no better 
than an expression of opinion, with the possibility that his opinion 
was wrong. In the actual construction of the scale, the tests 
were weighted equally, the individual receiving the same amount 
of credit for passing the test of naming the months as he would 
for passing the comprehension questions, the test which accord- 
ing to Binet dissipated all his doubts concerning a final diagnosis. 
(See page 3.) Each test counts for one fifth of a year, and it 
makes no difference in the quantitative score whether a child 
reaches a certain “mental age” by passing the most diagnostic 
or the least diagnostic tests. The final diagnoses that Binet made 
in his own cases must have been qualitative rather than quantita- 
tive for he threw more weight on some tests than on others in 
forming his opinion. 

Following Binet’s cue on the matter, it would seem that the 
method of increasing the accuracy of the diagnosis of the higher 
grades of mental defect would be that of determining what sorts 
of tests were the most highly diagnostic of this sort of defect. 
In the study of the Binet scale itself, the problem of determining 
what tests are diagnostic of intelligence immediately arises. 
Binet demonstrated that the tests were correlated with age, but he 
did not go beyond this point. He never demonstrated that the 
tests were correlated with intelligence. In his opinion of course, 
all the tests were diagnostic of intelligence or he would not have 
included them in his ‘Measuring Scale of Intelligence,” yet it is 
plain from his writings that he considered some tests more val- 
uable than others in this respect. It remains for other investi- 
gators to check up Binet’s work, and to establish the accuracy of 
the individual tests that he included in his scale. Studies of the 
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diagnostic value of the Binet tests have been made by Descoeudres 
and Chotzen. 
Descoeudres (20) published in 1911 the results of the applica- 


tion of the scale to one good and one poor subject of each sex 
from each of six school grades, using the material from these 24 


subjects as a basis of studying the relative diagnostic value of 
the tests, and of studying the sex differences involved. Group- 
ing the subjects according to the teachers’ judgments of good or 
poor, the tests that showed the most marked differences between 
the two intellectual levels were those of arranging five weights, 
interpreting pictures, detecting absurdities, defining in terms 
superior to use, counting backwards from 20 to o and indicating 
the omissions in pictures. The group with inferior intellectual 
endowment made lower scores on all tests except those of under- 
standing easy and difficult problem questions. 

Descoeudres (21) also published in 1911 the results of an in- 
vestigation on 14 backward and defective boys and girls from 
6 to 14 years of age. 15 tests were used; 6 of them (describ- 
ing pictures, defining, comparing remembered objects, naming 
as many words as possible in three minutes, comprehending 
questions, and recognizing coins) being taken from the Binet 
scale, the other tests being tests of motor dexterity, tactile ability, 
auditory and visual imagination, puzzle solving, cancelling a’s, 
calculation, and auditory and visual memory. The obvious dif- 
ferences between the subjects made the independent (rank) es- 
timation of their intelligence possible, so that the correlation of 
each of the tests with intelligence could be determined. In the 
list of 15 tests arranged according to the magnitude of their 
correlation with intelligence, comparing remembered objects 
showed the highest correlation, describing pictures and compre- 
hending questions stood third and fourth, defining sixth, naming 
four pieces of money tenth, and naming words fifteenth. An- 
alyzing the factors involved in each, Descoeudres concluded that 
the tests of reasoning show the highest correlation with intel- 
ligence, imagination next, while tests of memory, particularly 


auditory memory, show the lowest correlation. Although these 
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two investigations of Descoeudres are suggestive, the small num- 
ber of subjects precludes the possibility of forming any definite 
conclusions concerning the diagnostic value of the tests. 

In 1912, Chotzen (18) published the results of the application 
of the Binet scale to 280 backward and defective children. The 
subjects, 157 boys and 123 girls varying in age from 7 to 14, 
were either enrolled in the special classes for backward and de- 
fective children in Breslau, or were candidates for admission to 
these classes. The largest proportion of the subjects were dis- 
tributed in the ages 8, 9 and 10. Bobertag’s standardization of 
Binet’s 1908 scale were used, so that Chotzen could compare his 
results from backward children with those of Bobertag from 
normal subjects. The tests used were largely those in the V, VI, 
VII, VIII, and IX year groups. The tests for “ten years’ were 
given to some extent, but those in the higher groups were very 
rarely used. 

Chotzen subjected the results of his investigation to a very 
careful analysis, part of which deals directly with the relative 
value of the tests in the diagnosis of feeble-mindedness. He used 
three methods of analysing the data,—(1) the comparison of his 
results from feeble-minded children with those of Bobertag from 
normal children; (2) the comparison of the results of feeble- 
minded children of the same mental ages but different chron- 
ological ages; and (3) the comparison of the results of groups 
of children of approximately the same ages but with different 
final medical diagnoses. 

In studying the results according to the first method, Chotzen 
found that the feeble-minded children were in general from 
2 to 4 years backward as compared to normal children, the de- 
ficiency being more marked in some tests than in others. The 
test of describing pictures, for example, placed by Bobertag in 
year VII, was passed by 73% of Chotzen’s feeble-minded children 
of 8 years, while the test of counting backwards from 20 to 0 in 
Age VIII was passed by only 8% of the 8 year, 16% of the 9 
year, 29% of the 10 year, 55% of the 11 year and 72% of the 
12 year feeble-minded children. The first test would be a “seven” 
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or an “eight year’’ test for feeble-minded children, while the sec- 
ond would be a “twelve year” test. 

Backwardness was more marked, then, in the latter test. On 
this basis, the tests in which backwardness was most marked were 
those of repeating a sentence of 16 syllables, making change, 
counting backwards from 20 to o, defining in terms superior to 
use, comparing remembered objects, recalling a story read, nam- 
ing the months, repeating five digits and arranging five weights. 
Backwardness was least apparent in distinguishing between 
morning and afternoon, defining in terms of use, describing pic- 
tures, counting 13 pennies, giving age, choosing the prettier of 
given faces and counting the fingers. 

The second method gave Chotzen an opportunity to study 
the effect of school training and physical maturity on the tests. 
According to this method, the results of children of the samz 
“mental age” but of different chronological ages were compared. 
Taking all subjects of the “mental age” of eight, those of the 
chronological ages 8 and 9g passed the tests of repeating five digits 
in 60% of the cases, while 50% of those of the chronological 
ages 10 and 11 passed the test. The same group of subjects of 
the “mental age’ of eight showed much more improvement in 
the test of copying a sentence, this test being passed by 35% of 
those age 8, by 65% age 9, by 94% age 10, and by 100% ages 
I1rand12. The effect of maturity was much more marked in the 
second test. 

The tests that showed the greatest increase with age were those 
of copying a sentence, writing from dictation, recalling a story 
read, and enumerating the days of the week. A slight increase 
was shown in the tests of playing the game of solitaire, knowing 
age, executing three commissions, counting backwards from 
20 to 0, and showing the right hand. The increase was still 
less in the tests of repeating a sentence of 16 syllables and copy- 
ing the diamond, and practically negligible in naming 5 coins. 
No increase was found in the tests of describing pictures, detect- 
ing omissions in pictures, counting 13 pennies, counting the 
fingers, comprehending easy problem questions, repeating five 
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digits, counting 9 “pfennig” (3 doubles and 3 singles), naming 
colors, comparing remembered objects, and defining in terms 
superior to use. According to Chotzen, the tests that show the 
greatest increase with age relate almost entirely to school train- 
ing, those that show a slight increase depend to some extent on 
school training and other environmental experience, while those 
that show no increase with age involve largely factors of judg- 
ment and memory. 

In treating his results according to the third method, Chotzen 
classified his subjects according to the final medical diagnosis he 
had made, as “not feeble-minded,”’ morons (Debilen), imbeciles 
and idiots. The last group was dropped out, being small in 
number, and each of the other groups was divided into two parts 
according to age, one group being composed of subjects aged 8 
and 9g, and the other of subjects from 10 to 13. Certain tests 
stood out as differentiating very sharply the lines between the 
groups. For example, the test of comparing remembered objects 
was passed in the 8 and 9 year groups by 62% of the “not feeble- 
minded,”’ 28% of the morons, and 5% of the imbeciles, while 
in the older groups it was passed by 93% of the “not feeble- 
minded,” 69% of the morons and 10% of the imbeciles. The 
test of showing the right hand was passed in the younger group 
by 76% of the “not feeble-minded,’ 80% of the morons and 60% 
of the imbeciles. The first test showed a difference of 57% be- 
tween “not feeble-minded” and imbecile children of 8 and 9, 
while the second test showed a d-fference of but 16% between 
these groups. The first test would therefore appear to be more 
diagnostic of intelligence. 

The tests that showed the greatest diagnostic value in differen- 
tiating the groups of the younger children were copying the dia- 
mond, naming five coins, comprehending easy problem questions, 
comparing remembered objects and repeating five digits. The 
last two tests also differentiated the members of the older groups 
together with the tests of reproducing an item of a newspaper, 
arranging five weights, making change, defining in terms superior 
to use and naming the coins. Certain tests then are more val- 
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uable than others in the diagnosis of feeble-mindedness itself, 
and in diagnosing the different degrees of defect. 

The results of the three methods of studying the individual 
tests agreed very closely on some tests. The tests of repeating 
five digits, comparing remembered objects and defining in terms 
of use, for example, showed a marked difference between normal 
and feeble-minded subjects, revealed no growth with age in 
children of approximately the same mental level and proved 
to be highly diagnostic of the different degrees of mental 
defect. In some cases the agreement was not as close. The 
test of remembering a story read showed a most decided in- 
crease with maturity independent of intelligence, but at the 
same time proved to be highly diagnostic of the mental 
status of “not feeble-minded,” morons and imbeciles, and 
was one of the tests in which backwardness of the feeble- 
minded was most marked. The test of describing pictures, 
on the other hand, showed little difference between the per- 
formance of feeble-minded and normal subjects, and no growth 
with maturity. It can not be maintained then that the tests which 
show the greatest increase with maturity are those that are least 
dependent on intelligence, or conversely that those that show the 
highest correlation with intelligence are least dependent on 
maturity. 

The lack of correlation between the results of the different 
methods is probably due to the faults of the methods themselves. 
The comparison of the results of feeble-minded children with 
those of normal children was made without any adequate sta- 
tistical justification as to what percentage of a given age group 
must pass a test in order to have that test considered to be well 
within the ability of the group, or how large a difference there 
must be between the performance of feeble-minded and normal 
subjects in order to have that difference indicate more or less 
backwardness on that particular test. The personal equation of 
the investigator must necessarily play a large part in forming 
these judgments for the figures are quite irregular. The results of 
the second method are not conclusive, for Chotzen’s figures do not 












































































































































104 CARL C. BRIGH AM 





prove that the tests that show the greatest increase with maturity 
are least dependent on intelligence. The method demonstrates 
the influence of maturity and school training, but gives no in- 
formation concerning the diagnostic value of the tests. The 
method of comparing the results of the different groups accord- 
ing to the final medical diagnosis was not entirely satisfactory, 
for the results themselves played some part at least in this 
diagnosis. If certain tests were given more weight than others, 
consciously or unconsciously, in making this diagnosis, then 
those tests would of necessity stand out as those that had the 
highest diagnostic value in differentiating the groups. This 
method depends to some extent at least on the personal equation 
of the investigator. 

In general, however, although there was not a high correlation 
between the results of the different methods of study, certain 
tests were definitely shown to be dependent on factors of training 
and others were shown to be independent of this factor. Certain 
tests also stood out as diagnostic of feeble-mindedness while 
others were not as valuable in this respect. The investigation, 
though most suggestive, is not conclusive, and needs checking 
up and elaborating. The tests in the “ten,” “eleven” and “twelve 
year’ groups were not given enough to furnish any available 
data. As this is the region in which the scale breaks down, i.e. 
in diagnosing the higher grades of mental defect, it is most im- 
portant that the work be elaborated here, and the relative diag- 
nostic value of these tests determined. 

The consensus of expert opinion shows that the Binet scale is 
not a reliable instrument for diagnosing the higher grades of 
feeble-mindedness. The problem before present investigators 
is the correction of this defect in the scale. The solution of the 
problem was indicated by Binet who, although he made all tests 
quantitatively equal, considered some tests more valuable than 
others in making a diagnosis. Descoeudres showed that the tests 
varied in the magnitude of their correlation with intelligence. 
Chotzen showed that all the tests were not of equal difficulty for 
feeble-minded children. The Binet scale has been shown to be 
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composed of some tests that are effective in diagnosing intel- 
ligence, and others that are ineffective. To make the scale more 
effective it is necessary to determine the relative diagnostic value 
of the individual tests. 

During the process of analysing the Princeton data, the writer 
compared the results of 49 children who had been rated “dull” by 
the teachers and 46 children of the same age who had been rated 
“bright.” The results were striking. Some tests were as easy 
for the dull children as for the bright children. Other tests were 
easy for the bright children but practically impossible for the dull 
children. The results of this study led the writer to undertake 
a much more extensive investigation in the Trenton, N. J. public 
schools, where on account of the large number of children in the 
schools it was possible to obtain two groups of known differences 
of intelligence. To these groups the Binet and other tests were 
given in order to determine what sorts of tests were most highly 
diagnostic of intelligence. The results of this investigation are 
contained in the following chapters. 











































Il. CHARACTER OF SUBJECTS 


Two methods are open to the investigator who wishes to 
determine the relative diagnostic value of mental tests. The first 
is that of giving the tests to a group of individuals who can 
be independently and accurately rated in their rank order of 
intelligence. From the standing of the individuals in the various 
tests, the correlation of the tests with intelligence may be 
obtained. The other method is that of comparing the results of 
two or more groups of known differences of intelligence. The 
differences in the performances of the groups on the tests will 
indicate the diagnostic value of the tests. The second method 
was followed by the writer as it was thereby possible to obtain a 
more objective indication of the intelligence of the children 
examined. 

_In speaking of intelligence, the writer means by the term ex- 
actly what Stern (62) meant: “general mental adaptability to 
new problems and conditions of life” (page 3). The objective 
indication of intelligence that was used was that of school stand- 
ing. The public school presents a-situation that must be met by all 
children. Some children meet the situation adequately and pass 
through the schedule of grades in the required time. Others are 
unable to adapt themselves to the changing conditions and drop 
farther and farther behind their fellows. A retardation in school 
of one or possibly two years may be due to a great many causes 
independent of the mental status of the individual, but a retarda- 
tion of more than two years would probably indicate, in the ab- 
sence of a more obvious explanation, an inferior intellectual 
endowment. 

The experiments reported here were conducted on two groups 
of children, one group composed of boys in the regular grades of 
the Franklin school in Trenton, N. J., the other group of mem- 
bers of the special classes for backward and defective children or 
candidates for admission to these classes in the same city. The 
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law of New Jersey makes it mandatory that children showing 
three or more years pedagogical retardation be placed in special 
classes. The pedagogical retardation that is meant is that indi- 
cated by the age of the individual and the grade he should be in 
at that age. Inasmuch as the school grade age used in this way 
does not take account of late entrance or enforced absence, the 
criterion of retardation used in this investigation was that of 
grade progress or in other words the relation between the grade 
of the individual and the number of years he had been in school. 

In order to find a group of retarded children the writer exam- 
ined nearly all of the boys and girls in the Trenton schools who 
were either in special classes or who were candidates for admis- 
sion to these classes. 229 boys were examined, 203 being in the 
classes while the remaining 26 were candidates for admission to 
the classes. All of these subjects were given the Binet tests, and 
those whose retardation showed no obvious explanation other 
than inferior intellectual endowment were given the complete 
series of tests. 

Concerning each subject examined, the following information 
was obtained: 

1. Ace. Obtained from school record and checked up by 
questioning subject. In cases of doubt, the families were con- 
sulted or the age was based on certificates of birth or baptism. 

2. NUMBER OF YEARS IN SCHOOL. Obtained by the teacher 
and checked up from school records and by questioning sub- 
ject. The actual number of years in school was used, exclu- 
sive of absence on account of long sicknesses, etc. Time spent 
in parochial schools where foreign languages were taught was not 
counted as time in school, so that the number of years in school 
actually means the number of years in English speaking schools. 

3. GRADE. Estimated by teacher in case of children in the 
ungraded special classes. The teacher estimated the grade that 
the pupil could enter if he were to be transferred to the regular 
grades. The basis of the teacher’s judgment was the work of 
the pupil in the reading books, spelling books, arithmetic books, 
etc., standard for the different grades. All of the teachers had 
taught in the regular grades, and all of the pupils at one time 
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or another had been in the regular grades. The teacher’s esti- 
mate was checked up from previous estimates independently 
made, and from the monthly and annual reports of the pupil. 

4. NATIONALITY, LANGUAGE USED AT HOME, PLACE OF 
BirtH. Obtained from teacher and checked up by questioning 
subject. 

5. PuysicaAL Derects. Obtained from record of medical 
examination. 

93 boys in the special classes were given the complete examina- 
tion. The subjects ranged in age from 9 to 16 with the majority 
at the ages 12, 13 and 14. This latter group of 59 boys 12, 
13 and 14 years of age is used for comparison with a group of 
58 boys of the same age in the regular grades. The first group 
will be spoken of as the retarded group, the second as the normal 
group. 4 members of the retarded group were candidates for 
admission to the special classes, the remainder being regularly 
enrolled in these classes. 

The character of the normal and retarded groups may be stud- 
ied by comparison with the general run of all children in school. 
The members of the two groups had been in school 5, 6, 7, 8 
or 9 years. The grade progress distribution of all children in 
the Trenton schools who had been in school 5, 6, 7, 8 or 9 years 
is shown in Table 1 which is derived from the “Grade and 
Progress” table on page 104 of the Report of the Trenton Board 
of Education for 1914. 


TABLE 1. 


Grade Progress Distribution of 4323 Trenton Children in School 5, 6, 7, 8 
and 9 years. 


Number of Years in School. 

GRADE § 5 6 7 8 Totals 
I 3 I ; 4 
II 25 10 ole 39 
Ill 175 45 5 

IV 460 181 61 

V 586 376 

VI 157 479 272 

VII 22 108 

VIII 5 25 

Totals 1433 1225 
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By inspection of Table 1 it may be seen that the largest propor- 
tion of the 4323 children are “at grade” or in the grade corres- 
ponding to the number of years that they have been in school, 
i.e. the fifth grade for those who have been in school five years, 
the sixth grade for those in school six years, etc. The percentage 
distribution of the children “at grade’ and at each year above 
and below grade is as follows: 

+3 +2 +1 “atgrade? —t -—2 —3 —4 —5 

0.1% 1.1% 9.5% 388% 322% 13.5% 38% 08% 02% 
This distribution is shown graphically in the top portion of Fig. 
1. By far the largest proportion (80.5% ) are “at grade” or one 
year above or below grade, the range of the distribution of the 
58 normal subjects. 18.3% are two or more years retarded, the 
range of the distribution of the 59 retarded subjects. Only 1.2% 
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Fic. 1. Grade Progress Distribution of Normal and Retarded Subjects and 
of all Children in School 5, 6, 7, 8, or 9 years. 


are two or more years ahead of their grade. This distribution 
can not be taken as typical of the entire school course, for there 
are no grades above the eighth included, so that there are no 
above grade groups possible for children 8 or 9 years in school, 
and no “at grade” group for those in school 9 years. The dis- 
tribution has value only for comparison with the children actual- 
ly tested. The grade progress distribution of the 117 subjects 
whose data are used-in the subsequent report is shown in Table 2. 
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TABLE 2. 
Grade Progress Distribution of 117 Subjects of This Investigation. 


Years in School 


Grade 6 7 8 9 —_: Totals 
I I I 
II 3 5 
ITI 3 4 14 
IV 4 II 29 
V 3 10 
VI 2 2 
Vil 5 21 I 27 
VIII II 14 4 29 
Totals 2 15 53 34 13 117 


It may be seen by inspection that Table 2 is composed of two 
characteristically different groups, 59 boys who have been in 
school from 5 to 9 years and are in Grades I, II, III, IV, and V, 
and 58 boys who have been in school the same length of time but 
are in grades VI, VII and VIII. The percentage distribution of 


the children “at grade” and at each year above and below grade is 
as follows: 


+1 “atgrade”? —I —2 —3 —4 —5 —6 

13.7% 31.6% 4.3% 68% 17.1% 12.0% 128% 1.7% 
This distribution is shown graphically in the lower part of Fig. 1, 
in which the dotted portion represents the normal group and the 
shaded portion the retarded group. 

Comparing the distribution of the subjects tested with that 
of the general run of children, the range of the normal group, 
i.e. “at grade” or one year above or below grade, corresponds 
with 80.5% of the 4323 cases. The range of the retarded group 
corresponds with that of the lowest 18.3% of these 4323 cases. 
The two distributions are actually farther apart, for they repre- 
sent the extreme samples of the children tending toward normal 
or accelerated grade progress and toward retardation. The larg- 
est proportion (86%) of the retarded group are 3 or more years 
retarded or within the range of the lowest 26% of all the 794 
children two or more years retarded. The largest proportion 
(92% ) of the normal group are either “at grade” or one year 
ahead of grade, a range falling within the highest 61% of the 
3529 children one year retarded, “at grade” or accelerated. 
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The same facts concerning the extreme divergence of the two 
groups examined are brought out by a study of the ages in grades. 
From the “Age in Grade” table on page 113 of the Report of 
the Trenton Board of Education for 1914, the grade distribution 
of all 12, 13 and 14 year boys was obtained. From these data 
the average grade was computed for all 12, 13 and 14 year boys. 
The average grade of the normal and retarded groups was also 
computed at these ages. These averages are shown in Table 3. 


TABLE 3. 
Average Grade of 12, 13 and 14 year Boys. 
All Trenton Boys Normal Group Retarded Group 
Age No. Ave. Grade No. Ave, Grade No. Ave. Grade 
(MV) (MV) (MV) 
12 656 5.21 (1.57) 18 6.94 (0.15) 18 3.22 (0.91) 
13 644 5.66 (1.92) 20 7.50 (0.50) 21 3.90 (0.43) 
14 354 6.85 (2.05) 20 7.90 (0.18) 20 3.95 (0.58) 
all subjects 58 7.47 (0.53) 59 3.71 (0.72) 


The average number of years that the retarded group have 
been in school is 7.42 yrs. (MV=0.83 yrs.), while the average 
number for the normal group is 7.28 yrs. (MV=0.61 yrs.). In 
spite of the fact that both groups have been in school the same 
length of time, the normal group averages over three and a half 
grades higher than the retarded group. The retarded group have 
gone just half as far as the normal group in the same length of 
time. 

The age in grade distribution of the 117 subjects 12, 13 and 14 
years of age is shown in Table 4. 


TABLE 4. 

Age in Grade Distribution of 117 Subjects. 
GRADE 12 13 14 Total 
I I I 
II 4 I 5 
ITT 5 5 4 14 
IV 6 13 10 29 
V 2 3 5 10 
VI 2 2 
VII 15 10 2 27 
VIII 10 18 29 


I 
Total 36 4! 40 117 
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Although the retarded subjects have been in school as long as 
the normal subjects, none of them are above the fifth grade. The 
largest proportion of the normal group (96.5%) are in the 
seventh and eighth grades. | 

Such then are the differences between the two groups. It will 
be seen subsequently that when tests are given to the two groups, 
some of the tests are equally easy or equally difficult for both 
groups, while others differentiate the groups sharply. In order to 
consider these tests as diagnostic of intelligence it is necessary to 
show that a real intelligence difference exists between the two 
groups. The writer’s thesis is that the gross differences in school 
progress of the two groups indicate a real difference in intelli- 
gence. The retarded group although in school as long as the 
normal group have made only half the progress. The average 
retardation of three years and a half indicates an inferior intel- 
lectual endowment. To show this it is only necessary to prove 
that this retardation is not due to any other cause. 

The most frequently mentioned cause of retardation other than 
intellectual defect is that of illness, which causes irregularity of 
attendance and consequent failure to keep up with the class-room 
work. As far as the writer was able to learn from the medical 
records, none of the retarded group had had any serious illness 
which kept him out of school any considerable length of time. 
Nor were there any uncorrected physical defects. The special 
classes contained children with physical defects such as very poor 
vision or deafness, but none of these cases was included in the 
retarded group. All of the special class children had annual eye 
examinations and the defects were corrected. As far as could be 
ascertained the members of the retarded group were physically 
normal. 

Another frequently mentioned cause of retardation is an educa- 
tional curriculum which is maladapted to the needs of the indi- 
vidual. Further than this it is claimed that the teaching is in- 
ferior and the lack of individual instruction a handicap. Faults 
in the educational regime would cause retardation in both groups 
of subjects, for both groups were exposed to the same regime. 
These causes of retardation would not explain why one group 
was retarded and the other not retarded. 








DIAGNOSTIC VALUE OF MENTAL TESTS 113 


Deficiency in the use of language is frequently given as the 
cause of the retardation of the children of non-English speaking 
parents. Since the retarded group contains 20 children of non- 
English speaking parents, it is possible that these children were 
retarded on account of language deficiency. The average number 
of years that these 20 children had been in school is 7.7 yrs. 
(MV=o0.73 yrs.). The average grade of the group is 3.7 
(MV=o.72). If this retardation of four years is to be attributed 
to language deficiency, it is legitimate to expect that the same 
factor would influence the normal group. The normal group 
contained 22 children of non-English speaking parents. The 
average number of years in school of this group is 7.36 yrs. 
(MV=0.65 yrs.), and the average grade 7.58 (MV=0.52). 
Instead of showing a retardation these boys show a slight 
advance. Although they have been in school the same length of 
time as the retarded group, they have progressed twice as far. It 
is not possible then to account for the differences between these 
two groups on the basis of language deficiency. Both groups 
had the same language handicap, and the difference in school 
progress must be referred to the inferior intellectual endowment 
of the members of the retarded group. The reactions of retarded 
and normal, English and non-English groups on the individual 
tests will be studied later to determine the influence of language 
training on the tests. 

It is legitimate to conclude that the gross differences between 
the school progress of the retarded and normal groups indicate a 
difference in intellectual endowment. The members of the re- 
tarded group are retarded because they are less intelligent. The 
writer would not take an extreme position, and say that in all 
cases retardation indicates intellectual deficiency, or that presence 
in the proper grade indicates intellectual normality. He is will- 
ing to admit that a child may become seriously retarded by a 
particularly unfortunate combination of circumstances or by a 
lack of push or interest quite independent of his intellectual 
make-up. These cases are exceptional however. On the other 
hand, the writer would be willing to admit that subnormal chil- 
dren by a combination of fortunate circumstances may be pushed 
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ahead, and may find themselves in a grade altogether beyond. 
their ability. The writer is certain that the retarded group con- 


tains some perfectly normal boys, and that the normal group 
contains some members that are intellectually inferior to some 
members of the retarded group. These cases are exceptional 
however, and are far from the general run. On the whole, the 
retardation of the backward group indicates inferior intellectual 
endowment. Tests which sharply differentiate the normal and 
retarded group are those which are diagnostic of intelligence. 

This position may be extreme, and it is impossible to justify it 
on any other grounds than personal opinion. If the school mea- 
sure were an adequate measure of intelligence there would of 
course be no need of mental tests. No one who has had experi- 
ence in diagnosing mentality will ignore the school record entire- 
ly, nor will he stress it above all other measures. The distribution 
of ability given by the school measure is most certainly not the 
distribution of general ability, for the school gives practically 
no opportunity for intellectual precocity to show itself. The 
lack of confidence that experienced persons show in accepting 
the school record as an absolute indication of intellectual in- 
feriority is also evidence that retardation does not always indicate 
intellectual backwardness. The writer believes however that on 
the whole there are certain large intellectual differences between 
the normal and retarded groups. It was not possible to account 
for the presence of any member of this group in the special 
classes for backward and defective children on any other grounds 
than mental defect, and the histories of the individuals were very 
carefully studied. With the same physical and environmental 
opportunities they have made half the progress of their brothers 
in the regular grades. The tests which differentiate the members 
of the retarded and normal groups are at least diagnostic of 
pedagogical retardation. On the basis of the extreme peda- 
gogical retardation, the writer believes such tests to be diagnostic 
of intelligence. 

It is not necessary in this study to classify the retarded group 
in terms of the number of normal individuals, morons and im- 
beciles. The giving of diagnoses would involve the presentation 
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of case histories that would require considerable space. The 
definition of the group in terms of school progress is sufficient. 
The retarded group by no means represents the lowest selection 
of the general population, for idiots do not enter school, and the 
low grade imbeciles are usually removed from school before they 
are 12, the lower age limit of the retarded group. A few cases 
were examined (not more than five) who presented the proper 
qualifications of age, parentage and scholastic standing to be in- 
cluded in the retarded group, but who were mentally so low that 
it was useless to put them through the series of advanced tests 
used. The selection of retarded subjects is therefore rather high. 
No member of the retarded group tested below the “mental age” 
of eight. The distribution of ability in the retarded group may be 
fairly said to range from that of the low grade moron to that 
of the normal individual. The group was composed mostly of 
border-line cases of feeble-mindedness. The lowest members of 
the group probably correspond to the highest grade of our 
present institutional cases. The group is therefore singularly 
well adapted for comparison with a normal group to determine 
what tests are most efficient in detecting the higher grades of 
mental defect. 























































































































Ill. TESTS AND PROCEDURE 


The arrangement of tests used was that of Binet’s 1911 scale 
(8). Town’s (72) translation was used, but not followed strict- 
ly throughout. The translations of some of the tests were taken 
over from Goddard (28), as the freer translation seemed better 
adapted to the linguistic training of the subjects. The instruc- 
tions given were partly those of Binet, partly those of Goddard, 
and partly those of the writer. Inasmuch as there were many 
departures from the standard form of procedure, the procedure 
used is given in detail below. The close student of standardized 
procedure will probably find several startling heresies in the ac- 
count. In applying the tests, however, the writer was not seek- 
ing to find the “mental age” of the subject, or to obtain age norms 
for the tests. He was primarily interested in testing the tests by 
comparing the results of normal and retarded children. In order 
to discover the factors involved in each test, it was very neces- 
sary that the subject should understand the nature of the task 
he was to perform. For this reason a fore-exercise or practise 
test was given wherever possible. The important factors in the 
experiment were to be certain first, that the subject understood 
the nature of the task, and second, that the instructions were 
uniform for both groups of subjects. 

The detailed account of the instructions illustrates the method 
of providing for the first factor. The retarded group was ex- 
amined first so that the procedure is largely adapted to their 
needs. Although all of the Binet tests were used, only those are 
reported that were given to all the selected retarded and normal 
subjects. The list of Binet tests used, the procedure adopted, 
and the criteria for scoring each follow: 


AGE III 


No. 3. ENUMERATING OBJECTS IN PICTURES. 


Binet’s original uncolored pictures were used. The question 
asked,—‘“‘Tell me what you see in this picture?” The question 
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was repeated for each picture. The picture of “A man and a 
boy” was shown first, of “A man and a lady,” second, and “A 
prisoner,” third. The responses were scored according to the 
instructions in the categories of enumeration, description, inter- 
pretation and emotion. No time limit. 

No. 5. REPETITION OF SENTENCES. _Instructions,— 
“IT am going to read you a sentence and I want to see how well 
you can remember it. Say it just as I say it. Don’t leave out 
any words.” The following list of sentences was used: 

10—My name is William. Oh the naughty dog. 

12—It rains in the garden. John has finished his task. 

14—We are enjoying ourselves greatly. I have caught a 
mouse. 


16—Let us go for a long walk. Give me the pretty, little 
bonnet. 

18—Mary has just torn her new dress. I have given two cents 
to that beggar. 

20—It is not necessary to hurt the birds. It is night, all the 
world rests in sleep. 

22—We expect to have a great time at the seashore, digging 
in the white, beach sand all day long. 

24—My little children you must work very hard for your 
living, you must go to school every day. 

26—The other day I saw on the street a pretty, yellow dog. 
Little Maurice has stained his nice new apron. 

28—Ernest is frequently punished for his bad conduct. I 
bought at the store a pretty doll for my little sister. 

30—There was a severe storm last night with much light- 
ning. My comrade caught cold, and he now has a high fever, 
and coughs a great deal. 

32—The car is less expensive than the omnibus, it costs but 
two cents. It is strange to see women acting as coachmen in 
Paris. 

All of the sentences were taken from Town’s translation ex- 
cept No. 22, which was taken from Whipple’s Manual (75) pg. 
494. The word “Mary” was substituted for “Charlotte” in sen- 
tence No. 18, and in No. 24, the word “day” was used instead of 
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“morning,” in order to make 24 syllables. The subject was 
scored according to the number of syllables in the longest sen- 
tence that he succeeded in repeating without error. After arriv- 
ing at this “threshold,” the subject was given the next two 
longer sentences, to make sure that he had reached his limit. 
Near the close of the experiment, this procedure was found to 


be entirely inadequate, so that the results from this test are unre- 
liable. No time limit. 


AGE V. 
No. 3. See III, 5. 


AGE VI. 

No. 2. DEFINING IN TERMS OF USE. The words used 
were “fork,” “table,” “chair,” “horse” and “mother,” being 
given in the order named. The question asked was “What’s a 
fork?” or “Tell me what a fork is.” The responses were scored 


as definitions by use or superior to use according to the criteria 


given in the previous discussion of the personal equation (see 
page 19). No time limit. 


AGE VII. 
No. 2. DESCRIBING PICTURES. See III, 3. 


AGE VIII. 

No. 4. GIVING THE DAY AND DATE. An error of four 
days was allowed on either side of the day of the month. Scores 
were recorded for each part of the test, the day of the week, the 
month, the day of the month and the year. No time limit. 

No. 5. REPEATING 5 DIGITS. “Say these figures just as 


I say them.” 47395, 51742, 83964. One out of three scored. 
The experimenter’s rate of giving the digits was somewhat 
faster than two per second, but was constant through habit. 


AGE IX. 


No. 1. MAKING CHANGE. “How much is six cents from a 
quarter?” The coins were not given. No time limit. 
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No. 2. DEFINING IN TERMS SUPERIOR TO USE. See 
VI, 2. 

No. 3. NAMING PIECES OF MONEY. “Tell me all of 
the pieces of money you know.” If the subject stopped at 5oc, 
he was asked “What comes next?” In naming the bills, if he 
said “Three dollars, four dollars” etc., he was asked if he had 
ever seen a three dollar bill. None of the coins or bills were 
shown. No time limit. 

No. 4. NAMING THE MONTHS. “Say the months for 
me.” One error of omission or inversion was allowed. Time 
allowed, 15 seconds. 

No. 5. COMPREHENDING EASY QUESTIONS. The 
following questions were asked verbatim: 

a. What would you do if you missed a train? 

b. What would you do if you had been struck by a playmate 
who didn’t mean to do it? 

c. What would you do if you had broken something that 
didn’t belong to you? 

The order of presentation was a, c, b. No time limit. 


AGE X. 


No. 1. ARRANGING 5 WEIGHTS. Stoelting’s standard 
cubes were used. Three trials were given and the number of 
successful attempts recorded. As a control on this test, a series 
of definitely supraliminial weights was introduced. The weights 
were made of metal salve boxes, and were weighted at 20, 30, 45, 
70 and 100 gms, roughly in accordance with Weber’s law, so 
that the subjective differences between the weights was approxi- 
mately equal. One trial with these weights was given before the 
standard weights. If the subject failed, the failure was obviously 
due to the intellectual inability to comprehend a serial arrange- 
ment, or to make the logically necessary comparisons. If he 
passed, the test served as a “warming up” or practice test. Sub- 
sequent failure on the Binet weights would obviously be due to 
failure in sensory discrimination. The instructions were “Put 
these boxes in a row with the heaviest one first, and then the 
next to heaviest, and then the next, and then the next and then 
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the next.’”’ The experimenter pointed at a spot on the table for 
each box. The weights were not touched, and no suggestion was 
given for the subject to lift them. No time limit. 

No. 2. COPYING DESIGNS FROM MEMORY. “TI am 
going to show you this card with two drawings on it: I’m only 
going to show it to you for a little while, so I want you to study 
it hard and remember what it looks like.” While these instruc- 
tions were being given, the card was turned over as rapidly as 
possible, but in such a way that the subject caught a glimpse of it 
and understood the test better. The reproductions were scored 
at the time of the experiment, and then independently re-scored 
according to the arbitrary point system outlined in the previous 
discussion of the personal equation. The duration of the ex- 
posure was IO seconds. 

No. 3. DETECTING ABSURDITIES IN STATEMENTS. 
“I am going to give you a sentence that’s got something foolish 
in it, and I want you to tell me what’s foolish—Now what’s fool- 
ish in that?” Absurdity d was given first. If the subject failed 
to see the point, it was explained to him. After the first one, no 
explanations. The order of presentation was d, c, a, b, e, 
each test being separately scored. The following absurdities 
were given, the same wording being adhered to throughout. No 
time limit. 

a. An unlucky bicycle rider fell off his bike and broke his neck. 
They took him to the hospital, and they don’t think he’ll get well. 

b. I have three brothers, Henry, Robert and myself. 

c. Yesterday, there was a railroad accident, but it wasn’t a bad 
one, only 48 people were killed. 

d. Yesterday, the police found a body of a girl cut up into 
18 pieces. They think that she killed herself. 

e. Aman once said, “If I were going to kill myself, I wouldn’t 
do it on Friday, for Friday is an unlucky day, and it might bring 
me bad luck. 

No. 4. COMPREHENDING DIFFICULT QUESTIONS. 
The order of presentation used was a, b, d, e, c, The following 
questions were given, the same wording being adhered to 
throughout. No time limit. 











DIAGNOSTIC VALUE OF MENTAL TESTS 121 


a. What would you do if you were delayed in going to school? 

b. What would you do before taking part in an important 
affair? 

c. Why is it easier to forgive a bad action done in anger than 
it is the same action done without anger? 

d. What would you do if you were asked your opinion about 
someone you didn’t know very well? 

e. Why should you judge a person by his actions rather than 
by his words? 

No. 5. USING THREE GIVEN WORDS IN A SEN- 
TENCE CONTAINING TWO IDEAS. A practice test was 
given as follows,—“I want you to make me up a sentence, a good 
sentence, with the words ‘boy, play and sled’ in it.” After the 
subject had given the sentence and had shown that he under- 
stood what was expected of him, the words “Trenton, money and 
river” were given. The subject gave the sentence orally. No 
time limit. 

AGE XII. 

No. 1. RESISTING SUGGESTION. (LENGTH OF 
LINES). The lines were accurately drawn by a draughtsman, 
on Bristol board 5 by 28cm. The question asked for each of the 
first three cards was “Which is the longer line here?’’, and for 
each of the last three, “And here?” The number of correct re- 
sponses was noted. 

No. 2. USING THREE GIVEN WORDS IN A SEN- 
TENCE CONTAINING ONE IDEA. See X, 5. 

No. 3. GIVING 60 WORDS IN THREE MINUTES. “I 
want you to give me all the words you can think of in three min- 
utes. Any old word will do, like ‘man-beard-boy-shirt-carriage,’ 
now go ahead.”” The actual number of words was recorded. 

No. 4. DEFINING ABSTRACT TERMS. “Charity, jus- 
tice and kindness’ were used. The question asked was “What’s 
charity?” or “Tell me what charity is?” A concrete illustration 
of an act was considered acceptable. No time limit. 

No. 5. RECONSTRUCTING DISSECTED SENTENCES. 
“T am going to show you a card with a sentence on it that’s all 
mixed up. The words are in the wrong order, and I want you 
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to tell me what the sentence would be if it were in the right 
order.” The following sentences were used, presented in the 
order b, c, a. One minute was allowed for each. 

a. started-the-for-an-early-hour-we-country-at 

b. a-defends-dog-good-his-master-bravely 

c. asked-paper-the-to-I-teacher-correct-my 


AGE XV. 

No. 1. REPEATING 7 DIGITS. 2964375, 9285164, 
1395847. 

No. 2. GIVING THREE WORDS RHYMING WITH 
DEFENDER. As an introductory test, the subjects were asked 
to give rhymes with “day, mill and spring.” An example was 
given, “man, ran, can, fan” and then the subject asked to give 
rhymes with “cat.” If he failed, rhymes with “cat” were sug- 
gested until he either succeeded or failed utterly to comprehend. 
If he succeeded, he was then given the stimulus word in the order 
D, M, S, and allowed half a minute on each. At the end of this 
list, the stimulus word “defender” was given, and the subject 
allowed one minute. 

No. 3. REPEATING A SENTENCE OF 26 SYLLABLES. 
See ITI, 5. 

No. 4. INTERPRETING’PICTURES. See III, 3. 

No. 5. SOLVING PROBLEMS FROM VARIOUS FACTS. 
“T am going to tell you a story and I want you to tell me what’s 
happened.” The following wording was used in the problems: 

a. A lady was walking through a park out in Chicago, when 
she suddenly stopped, very much frightened, turned around and 
ran back to the nearest police station, and there she told them that 
she had seen, hanging from the limb of a tree—What did she 
see?” 

b. My neighbor has been having strange visitors lately. One 
after the other, a doctor, a lawyer and a priest (minister) have 
called at his house. What’s happened there?” 

The word “minister” was substituted for Protestant children. 
The only answer accepted to the first question was “a man 
hanged,”’ to the second question, “someone’s very sick,” “just 
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died” or “is dead.” The subject was cross-examined to make 
sure he had taken all the facts into consideration. If not, the 
test was failed. Question a was given first, b second. No time 
limit. 

The method used by the experimenter in obtaining uniform 
procedure was that of practice. Before undertaking the Trenton 
experiment, the writer had examined over 150 children with God- 
dard’s 1911 scale, that experience serving as an adequate practice 
series at least. The accuracy and uniformity of technique in 
giving the Binet tests rests entirely on the previous experience of 
the experimenter. The Binet tests used were, however, only a 
small portion of the complete examination given to the retarded 
and normal groups. The greatest difficulty was experienced in 
obtaining uniform procedure in the tests other than those in the 
Binet series. The method of obtaining uniformity of procedure 
in the supplementary tests is outlined in a subsequent section 
devoted to the discussion of these tests. 

The complete series of tests was very long, and contained 
many tests such as that of repeating sentences that were not at- 
tractive to the subjects, so that great care had to be used by the 
experimenter in arranging the series so as to maintain the sub- 
ject’s interest. The complete series included besides the Binet 
tests described several special tests of memory, suggestibility, 
discrimination, reasoning ability and a long seriés of puzzle tests. 
The entire list of tests was given to only 153 of the 289 subjects 
examined. 

The tests that were interesting depended largely on the subject. 
Any test that was obviously too difficult for a subject was unin- 
teresting to him. The converse is usually true in practice also, 
that a test that is well within the subject’s range of ability is 
interesting to him. The free play of thought on a novel situa- 
tion is in itself pleasant if that situation offers a ready solution— 
the unpleasant tone arises with the attitude of doubt. For this 
reason the factor of cooperation in the mental examination of 
normal individuals is not as difficult as persons who have not 
attempted it would have-us believe. The factor of cooperation 
in the examination of pure defective types is by no means an 
insurmountable difficulty, if the examiner has tact and discretion. 
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It is only in cases of mental alienation that the factor occasionally 
becomes an insurmountable difficulty, and none of the subjects 
in the finally selected groups presented any developed aberrational 
tendency. 

When an individual is examined by the incomplete method 
of testing, the experimenter can keep the questions well within 
the subject’s range of ability, and by a judicious selection of 
the questions can maintain his co-operation without difficulty. 
In this experiment, however, all the questions were given to 
every subject, and it was necessary in the case of most of the 
retarded group to hammer them through a long series of ques- 
tions that were obviously impossible for them to answer, so 
that the experimenting was exceedingly difficult. 

The duration of the complete examination was from an hour 
and a half to two hours depending on the individual. The experi- 
ment was always broken up into periods usually of half an hour 
each. No subject was ever kept over 45 minutes, and only that 
long in exceptional cases. The most difficult questions were 
given at the beginning of the period. If the subject showed signs 
of fatigue, he was immediately dismissed. Although the char- 
acter and duration of the examination was such that the factor 
of cooperation would appear to be very large, the writer found 
little difficulty from this source. The special classes were com- 
posed of about 15 children. The plan of attack in beginning a 
new class was to have the teacher send the most popular boy in 
the room first, and the experimenter would do his best to show 
him a good time. The puzzle series and similar tests proved an 
unfailing source of pleasure. The first examination of the most 
popular boy contained the easiest and most interesting tests of 
the series, and the decoy invariably worked. In every class ex- 
cept one, the teacher would send the boys to the examiner as a re- 
ward for good conduct in the class room. The experimenter in 
turn saved the puzzlel tests and easy tests as a reward for careful 
work in the more difficult tests, always saving some of the at- 
tractive tests for the close of the examination so that the subject 
would return to his room in good spirits. The examinations were 
conducted for the most part during the school hours, and it was 
found that the subjects were glad enough to avoid their lessons 
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for a more attractive occupation. The examination was never 
allowed to conflict with the gymnasium hours. When an exam- 
ination was conducted outside of school hours, the subjects were 
paid at the rate of twenty cents an hour. If the subjects showed 
the slightest lack of interest or the slightest unwillingness to re- 
turn for a second examination, the experiment was abandoned. 
In one class after three or four boys had been successfully ex- 
amined, one boy returned with an unfavorable verdict, the rest 
of the pupils showed a slight unwillingness to come, and no fur- 
ther experimenting was done. On the whole, the greatest diffi- 
culty was experienced not in enticing the boys to come, but in 
arranging waiting lists and keeping the boys out of the room 
when they were not wanted. Very little difficulty was experienced 
from the factor of cooperation. 

The conditions under which the examinations were made were 
not ideal, but were uniformly satisfactory in every case. A 
separate room was always provided. A table was arranged so 
that the light coming from behind the subject fell directly on it. 
In a few cases, the experimenter could not prevent the presence 
of a third person in the room. If this proved a distraction, the 
examination was discontinued, or if the person wished to observe 
the test, the examination was completed and the record discarded. 

The factor of information was encountered, but the nature of 
the tests was such that information played little part. The ex- 
amination was so varied, and so long, that the subject would have 
difficulty in remembering any but a few striking tests. The test 
of naming 60 words gave the most difficulty on this score, the 
subjects invariably telling the experimenter that they were “all 
loaded” for this test. The special classes were in various schools 
throughout the city, but the normal pupils were all examined in 
one school, so that the factor of information would be more in 
their favor. As a matter of experience, however, the experi- 
menter had no difficulty in finding out whether or not the subject 
had any previous information. The record on any test was dis- 
carded if this factor were discovered. The results of the 60 word 
test are given, however,.with this reservation. In any test in 
which the presence of this factor was suspected, the writer will 
report it in the discussion of that test. 
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IV. VARIABLE FACTORS 


When the results of the normal and retarded groups are com- 
pared, it is seen that some tests are equally easy or equally diff- 
cult for both groups, while other tests differentiate the groups 
sharply. In order that the latter type of test may be considered 
diagnostic of intelligence, it is necessary to show that the dif- 
ference in the reaction of the two groups may not be attributed to 
any other factor than intelligence. In the preceding study, sev- 
eral variable factors were found which might influence the out- 
come of the tests, and these factors will be discussed in conjunc- 
tion with those of sociological conditions and language training. 
The variable factor of sex differences of course drops out, since 
only boys were included in this investigation. 


THE Error DUE TO INCOMPLETE DATA. 


The error due to incomplete data can have no effect on the 
results, for practically all the tests were given to all the subjects 
of both groups. From time to time a test would be dropped out 
because it was incorrectly given, or a test would be accidentally 
omitted, but on the whole the tests were given very completely. 
Taking the Binet tests, it was possible to give to the retarded 
group 3363 tests. Of this number, 3314 tests or 98.5% were 
given. The normal group were given 3280 tests or 99% of the 
3306 tests possible to be given. Question a of the comprehension 


questions was given to the normal group only 74% of the pos- 
sible number of times. The date test was given to this group 


95% of the time, and all the other tests were given over 98% of 
the possible number of times. The retarded group were given 
the date test 86% of the time, parts d and e of the definitions test 
92% and 88% of the time, and all other tests over 97% of the 
possible number of times. The testing may be called complete, 
then, and the results cannot be influenced by the error due to in- 
complete data. 
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THE INFLUENCE OF GRADE TRAINING. 


The results of the tests may be influenced by grade training, 
but there is no way to determine the influence of this factor. The 
only difference between the training of the children in the special 
classes and in the regular grades, consists in the larger amount of 
time devoted to manual training in the special classes. Very 
nearly a fifth of the time is given to work of this nature. The 
rest of the time is devoted to regular school work, and the only 
difference between the special classes and the regular grades in 
this work is that the former receive individual help and instruc- 
tion almost entirely. They have more actual training in the 
school subjects than the children in the regular grades but they 
do only half as well. The difference in school standing between 
the normal and retarded groups must be attributed to a difference 
in intellectual endowment, for both groups had had an equal 
amount of training along the same lines. Regardless of how 
they took the training, the retarded group had been exposed to 
it as long as the normal group. 


THE INFLUENCE OF THE PERSONAL EQUATION 


The differences between the two groups may be due to the in- 
fluence of the experimenter’s personal equation, but there is very 
little check on this factor due to the fact that there was only one 
experimenter, the writer. The test of copying the designs from 
memory was rankéd plus or minus by the writer at the time of 
the examination, and later scored according to the arbitrary point 
system described in Chapter III of the first study (see pages 
23 to 26). It is possible to compare the experimenter’s judg- 
ments at the time of the examination with the later arbitrary 
scoring which was made without knowledge of the original rank 
given. According to the experimenter’s first judgments, 69% 
of the normal group and 41% of the retarded group passed this 
test. According to the point system of scoring in which 15 points 
is used as the passing mark, 67% of the normal group and 31% 
of the retarded group pass the test. The score of the normal 
group is reduced 2% by correction, the score of the retarded 
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group, 10%. The passing mark for each group was calculated 
as in Chapter III of the first study, and was found to be 14 points 
for the normal group and 13 points for the retarded group. The 
experimenter marked as failed in the normal group one design 
scoring Over 15 points, and marked as passed two designs scoring 
under 15 points. In the retarded group, on the other hand, the 
experimenter marked as failed two designs scoring over 15 points, 


and marked as passed nine designs scoring under 15 points. The 
experimenter was therefore more lenient with retarded than with 


normal children in the test of copying designs from memory. 

It is not possible to obtain a quantitative estimate of the in- 
fluence of the personal equation in any of the other tests. It is 
the opinion of the writer that if the personal equation influenced 
the results at all, the retarded group were favored. The experi- 
menter examined 266 children in the special classes before ex- 
amining the normal children. The work of the special class 
children was uniformly so low that comparatively poor answers 
to some questions would seem to be very good. The tests of de- 
tecting absurdities in statements and comprehending difficult 
problem questions were rarely answered in the special classes. 
An answer that would have been considered doubtful if given 
by a normal subject, would probably have been ranked plus if 
given by a member of the retarded group, owing to the contrast 
of his answer with those of the other retarded children. As far 
as possible, the experimenter used a uniform system of testing 
and scoring, but the criteria for judging some tests are at best 
indefinite, and are therefore susceptible to the recent experience 
of the experimenter. The writer is not conscious of favoring 
the retarded group, but this tendency might have been present. 
Considerable tact and patience was demanded in giving the diffi- 
cult tests to subnormals, and the writer is certain that if the tests 
had been given to the special class children after the subjects in 
the regular grades had been examined, he would have been much 
more abrupt and less patient. 

The fact that there was only one experimenter would tend to 
minimize the influence of the personal equation as it would make 
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impossible any large differences of procedure or technique. In 
spite of this fact however it is possible for this influence to be 
present. The Binet tests are scored by the all or none method, 
they are ranked either plus or minus, while the responses on many 
of the tests are not all or none responses. The 60 word test, 
for instance, is ranked plus if the subject gives 60 words or over, 
and minus if he gives under 60 words. The responses of the 
subjects of this investigation actually varied from 31 to 196 
words. The degree of merit on this test may vary through 165 
steps by steps of 1, while the expression of merit used is merely 
plus or minus. 

The tests vary in the degree in which the responses may be 
accurately rated by the all or none scoring. Some tests, such as 


that of making change, have an all or none response—they are 
either right or wrong. Other tests may admit of a slight grading 


of response. The 5 weight test has four grades of response ac- 
cording as the subject arranges the weights correctly 0, 1, 2, or 3 
times. At the other extreme are tests such as the design test 
that admit of at least 20 grades of response. Some tests would 
admit of considerable grading, but there is no available method 
for grading them. The responses to the test of using three given 
words in a sentence containing one idea, for instance, would 
vary from “Trenton’s river costs money” and “Trenton has lots 
of money on the river” to “Trenton paid a large sum of money 
to have the Delaware river deepened” and “The people in Tren- 
ton that have money live along the river.” It is conceivable that 
the responses to this test, and to other tests such as defining in 
terms superior to use, defining abstract terms, and some of the 
absurdity and comprehension questions could be arranged on a 
scale of medit from o to Io. 

Given a scale of merit from o to 10, the experimenter must 
express his judgment by plus or minus. At some point on this 
scale there is bound to be a range of uncertainty—a range of 
play for the personal equation. In the preceding investigation it 
was found that Experimenter C changed his criteria in ranking 
the definitions test during the course of the experiment (see 
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page 20), so that it is possible for the personal equation to enter 
even with one experimenter. If the experimenter’s judgment 
changed in examining normal and retarded subjects, the diag- 
nostic value of the tests would be influenced. If the experimenter 
were too lenient with retarded and too severe with normal chil- 
dren, the diagnostic value would be less than it should be. The 
design test showed this influence, and the diagnostic value was 
lowered 8% by a variation in judgment of 1 point on a scale 
of merit of 20 points. If the opposite tendency were present— 
if the experimenter were too severe with retarded and too lenient 
with normal subjects, the diagnostic value of the test would be 
exaggerated. It is possible that this should happen, for a range 
of uncertainty is present, and the influence of the personal equa- 
tion too subtle to be eliminated entirely. 

It is possible then for a person to maintain that the differences 
in the reactions of the groups which are used to determine the 
diagnostic value of the tests are merely expressions of the per- 
sonal equation of the experimenter. The safest position to take 
probably lies between the two extremes—to bear in mind that 
the diagnostic value may be thrown one way or another by the 
personal equation, but also to bear in mind that more of the 
responses are bound to fall in the range of certainty than in the 


range of uncertainty, and that therefore the personal equation 
can not vitiate the results entirely. 


THE INFLUENCE OF SOCIOLOGLCAL STATUS. 


In order that the differences between the performance of the 
retarded and normal groups on the tests might not be referred 
to environmental conditions and home training, the writer was 
very careful to select subjects of the same sociological status. 
The sections of the city in which the subjects lived were very 
much the same, the congested districts around the large manu- 
facturing centers. The writer has listed the occupations of the 
fathers of the boys just as they were given in the school records. 
No attempt has been made to classify the occupations. The 
reader may glance over the lists, and form his own opinion on 
the similarity or dissimilarity of the groups. 
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Seven of the fathers of the boys in the normal group were 
dead. The occupations of the fathers of the other boys were as 
follows,—4 potters, 3 wire-drawers, 3 laborers, 2 foremen over 
laborers, 2 bakers, 2 policemen, 2 machinists, 2 carpenters, 2 fire- 
men, 2 tailors, 2 contractors, 2 merchants, and one each of the 
following, milkman, weight-master, decorator, janitor, superin- 
tendent of a pottery, manager of a chemical company, mason, 
hardware dealer, engraver, pattern-maker, shoe-maker, grocer, 
box-maker, laundry driver, printer, furnace tender, pipe fitter, 
railroad yard master, boilermaker, iron worker, brass worker, 
iron moulder and foundry worker. 

Eight of the fathers of the boys in the retarded group were 
dead and two were invalids. The occupations of the fathers of 
the other boys were as follows, 7 laborers, 2 foremen over 
laborers, 8 potters, 2 peddlers, 2 contractors, 2 teamsters, 2 fish 
merchants, 2 blacksmiths, 2 painters, 2 masons, and one each of 
the following, tinsmith, watchman, fruit dealer, electrician, car- 
penter, plumber, carriage-maker, junk dealer, piano tuner, wire 
tinner, dairyman, meat packer, boilermaker, huckster, crockery 
dealer, railroader and machinist. 


THE INFLUENCE OF THE LANGUAGE FACTOR. 


The statement that the Binet tests depend on language train- 
ing appears frequently in the literature of the subject. In- 
vestigators frequently refer the failure of their subjects on certain 
tests to deficiency in this sort of training or experience. Al- 
though investigators and critics of the scale frequently mention 
the language factor, no one has actually given a demonstration 
of the influence of this factor by comparing children of the same 
mental status but different linguistic training. 

In this investigation it is necessary that this be done, for, in 
order to refer the differences found between the two groups to 
the relative diagnostic value of the tests, it must be shown that 
the differences are not due to the language training of the two 
groups. The subnormal group contains several children of non- 
English speaking parents. It is possible to compare this group 
with other subnormal children of the same age, who have been 
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in school the same length of time, and who are in the same grade, 
but who are children of English speaking parents. The two 
groups are objectively the same except that one group has had 
the advantage of the English language in the home, while the 
other has not. It is also possible to compare a group of normal 
boys of non-English speaking parents with normal boys of 
English speaking parents, the groups being similar in regard to 
age and school progress. If any differences occur between these 
groups, they may be referred to the influence of language train- 
ing in the homes. The influence of the personal equation is 
absent, for the members of the groups were examined by one 
person at the same time. The influence of grade training is ab- 
sent for the members of the groups compared have been in school 
the same number of years, and are in the same grades. 

22 boys, aged 12, 13 and 14, of non-English speaking parents 
in the special classes were given the complete examination. They 
had been in school from 5 to Io years, and were in grades II, 
III, IV, V and VI. To compare with this group, 22 boys of 
English speaking parents were selected who had been in 
school approximately the same length of time and were in the 
same grades. The average age of the 22 non-English retarded 
children was 13.26 yrs. (MV==1.11 yrs.) The average age of 
the 22 English retarded children was 13.10 yrs. (MV==1.01 yrs.) 
The average number of years in school of the non-English re- 
tarded children was 7.59 years. (MV=1.05 yrs.), of the Eng- 
lish retarded group 7.09 yrs. (MV=1.07 yrs.) The average 
grade of both groups was the same, 3.68 (\1V=o.80.) The 
average age of the non-English group is slightly higher, and 
they have been in school half a year longer on the average. 

Twenty boys, aged 12, 13 and 14, of non-English speaking par- 
ents were examined in grades VI, VII and VIII. Tocompare with 
this group, 20 boys of the same age, grade and number of years 
in school, but of English speaking parents were selected. The 
average age of the non-English normal group was 13.58 yrs. 
(MV=o.72 yrs.). The average age of the English normal 
group was 13.53 yrs. (MV=0.73 yrs.). The average number of 
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years in school for both groups was the same, 7.30 yrs. 
(MV=o0.62 yrs.). The average grade of both groups was the 
same, 7.45 (MV=0.61). 

The results of the four groups of children were tabulated, and 
the percentage that each group passed each test calculated. The 
results are shown in Table 5. Column A gives the per cent. that 
each test was passed by the 4o children of English and non- 
English speaking parents combined. Column B gives the per 
cent. that the non-English group are above (+) or below (—) 
the English normal group. Column C gives the per cent. that each 
test was passed by the 44 retarded children of non-English and 
English speaking parents combined. Column D gives the per 
cent, that the non-English retarded group are above (+) or be- 
low (—) the English retarded group. Column E gives the dif- 
ference between columns A and C or the per cent. that the 44 
retarded pupils are above (+) or below (—) the 40 normal 
pupils. 

TABLE 5. 


Percentage Differences between Normal and Retarded Children of English and Non- 


English Speaking Parents. 


A B C D E 
% passed Normal % passed Retarded Retarded 
Normal. non-Eng. Retarded non-Eng. Normal. 


+Eng. +Eng. 
Comparing remembered objects......... 97 — 6. 
Counting backwards from 20 to 0....... 83 +22 
Indicating omissions in pictures........ 86 — 6 
Giving Gay amd date. ......c.cccccccees 100 0 64 +-16 —36 
Enumerating the months............... 95 re) 63 +8 32 
Naming the pieces of money........... 100 0 88 +13 —I12 
ES cc vhkewehcbeebedsclev des 100 0 79 +22 —z2I 
Arranging five weights................- 75 oO 61 + 5 —I4 
Copying designs from memory......... 65 —20 23 0 —42 
Repeating five digits..................- 100 0 05 0 —5 
Repeating seven digits................6. 68 —25 27 —9 —4I 
Using three words in a sentence. 2ideas 100 o 59 +28 —4I 
Using three words in a sentence. 1 idea. 8&0 +20 43 +23 —37 
Resisting suggestion ................... 40 0 14 +27 —26 
Naming 60 words in 3 minutes......... go +20 60 +33 —30 
Giving 3 rhymes with “defender”....... ) 0 0 0 ) 
Comprehending easy questions 
SL ic cis vedweweub ec sideses 100 re) 08 — 5 — 2 
I S656 6 dh AGC il ok whi’ 93 + 5 61 — 6 —32 
CE dec cvs ceaddewenba ben dane 100 oO 100 o ') 
TNE De vs und bethcase sear 100 ) 100 re) 0 
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Comprehending difficult questions 
O. RUNG ik aks 6 ksi s kc 
ee err eee 
CG, HOO MUNN icc cui cceneecde 
ae Peer ee 
©. PIERO WE. WOETKS. .... ccuceccuss 
At SD GR MECE §. iiss oivccisdianiow 


Detecting absurdities in statements 
he IEE Gas 0s vc cccnscceagdede 
i cA IE i dis cn's 0 voces ccc das tues 
ee | an ee 
EE ida ces eu cicccvscbweeate 
OT III «5 ooo oso ccccdendas 
PU ee OE Ringe odbc cencncduwanus 


Defining terms superior to use 
ci Pek och va 0 acne dedtee ane 
EE 6 bc Kacovhs 6asedcsousvowenuen 
CS bos hii snes ten siudereies 
NS ioe ae en k's bck on KR AE 
SE Spndcbcciccdevcccccuseuned 
ee ee... xn encas bakweuee 


Defining abstract terms 
a. Charity 
EE a ae 
CE Sdn bn pacegeac cate and 
pS ee eo 


Reconstructing dissected sentences 
i EE aeiwovicesscevawxaukeil 
b. teacher-correct 
Ce SEE aE 
PE Bik vnnin nas inet tadenn en 


Repeating sentences of 
SE as vbccan sds +nceckp¥amie 
EE oi cn diwcdcccveptebeuss 
iss veunns 0600s own Oana 
EE ono hs one wt es os.beee mpunie 
EE dg cha nddin de sctaevacuws 


Solving problems from various facts 


a. Hanging from a limb........... 
~ b. Neighbor’s visitors 


*eeeeveeeeeeeveeseeeene 


Ms. citenaneas 
Responses to pictures 

EPOOETIOTIOR . cos ccccevacscre 

No. 1 Interpretation ............ 

Ds inesicvcasesdvews 

( Description ...........+++. 

No. 2 i Interpretation ............ 

PRIN Wines bss cidiereivnte 

‘ [ Description .............-. 

No. 3 {Interpretation ..........-. 

F emotion)... .. ccc ce sccvecee 


Summary of picture test 
Describing 2 out of 3 pictures 
i. 2 2 tere irre er te 
Interpreting 2 out of 3 pictures 


CARL C. BRIGHAM 


TABLE 5 (continued) 


—23 
a 


+18 
¥'s 


+14 
—I4 
—9 
+22 
+13 


+14 
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The 62 differences between the normal English and the non- 
English groups, shown in column B, vary from —37% (i.e. 37% 
in favor of the English group) to +20% (i.e. 20% in favor of 
the non-English group). The median of the differences is 0% 
(Q=7.5% ). The average difference is —5.53% (MV=9.33%): 
In the long run then the normal English group is about 5% above 
the normal non-English group. 


The 63 differences between the retarded English and non- 
English groups, shown in column D, vary from —32% to 
+33%. The median of the differences is 0% (Q=11.5%). 
The average of the differences is +0.83% (MV=11.22%). In 
the long run then the retarded non-English group are slightly 
better than the retarded English group. 

From the figures given it is necessary to draw conclusions 
concerning what tests are influenced by language training, but 
this is very difficult on account of the lack of correspondence be- 
tween the results of the two groups of English and non-English 
subjects. If one general cause, the language factor, were in 
operation in producing the divergencies in the results, then the 
results of the two groups should show a high correlation. The 
correlation (Spearman foot-rule method) of the differences be- 


tween the normal English and non-English groups and the re- 
tarded English and the non-English groups (i.e. the correlation 


between columns B and D) is —0.06 (pe=0.055) or no cor- 
relation. This would indicate that the differences were due to 
chance rather than to the one general factor, language training. 

Inasmuch as the number of subjects (20 or 22) in each group 
is small, there is a very strong possibility that the differences 
might be due to chance. A glance at columns B and D shows 
that in some cases the results agree, and in other cases they are 
exactly opposite. In the test of defining terms superior to use, 
for example, the non-English group are 17% below the English 
group in the case of the normal subjects and 21% in the case of 
retarded subjects in defining “Mother.” In defining “Table,” 
however, they are 22% below in the normal group but 16% 
above in the retarded group. The frequency of occurence of 
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like and unlike signs in columns B and D is as follows: 00 oc- 
curs 5 times; O+, 10 times; O—, 10 times; + —, 21 times; 
++, 3 times and ——, 11 times. If the results were due to 
chance, the number of unlike signs should be twice that of like 
signs. The actual number of like signs (00, ++, and ——) 

is 19, and the actual number of unlike signs (o—, 0+ and +—) 

is 41, the proportion expected. Taking only the plus and minus 

signs, they are like in 14 cases and unlike in 21 cases. These 

figures would also indicate that the results were due to chance, 

but they are not conclusive, for the magnitudes of the differences 
are not taken into consideration. 

The results in general would indicate that no one factor was 
in operation in producing the differences found, but the possibility 
remains that the language factor might influence some of the 
individual tests. If this factor were in operation on the in- 
dividual tests, then the sum of the differences between the normal 
English and non-English groups and the retarded English and 
non-English groups would indicate what tests were influenced, 
for those differences with unlike signs would cancel out in 
combination, while the differences with like signs or a common 
tendency would be exaggerated. Combining the differences in 
this manner (i.e. taking the.algebraic sum of the differences 
shown in columns B and D) the 60 sums of differences obtained 
vary in magnitude from —38% to +53%. The average of the 
sums of differences is —4.32% (MV — 13.29%). There is no 
method of deciding which of the tests are influenced by language 
training. The lists of tests are given below so that the reader 
may form his own opinion. The tests found in the highest 25% 
in favor of the non-English groups, and in the highest 25% in 
favor of the English groups are given. 
































THE 15 Tests SHOWING THE LARGEsT SUMS OF DIFFERENCES 
IN FAvoR OF THE ENGLISH GROUPS. 
—38% Absurdity e. (Friday unlucky) 
—38% Definition e. (Mother) 
—34% Abstract definition c. (Kindness) 
34% Repeating 7 digits. 
32% Absurdity c. (Railroad accident ) | 








—19% 
—19% 


THE 15 Tests 
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Repeating sentence of 20 syllables. 
Passing 3 out of 5 absurdities. 
Comprehension c (forgive easier). 
Problem a (Hanging from a limb). 


» Interpreting 2 out of 3 pictures. 


Abstract definition b (Justice). 
Copying designs from memory. 
Interpreting picture 2. 

Repeating a sentence of 18 syllables. 
Passing 2 out of 3 abstract definitions. 


SHOWING THE LARGEST SUMS OF DIFFERENCES 


IN FAVOR OF THE NON-ENGLISH GROUPS. 


+53% 
+437 
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Giving 60 words. 

3 words in sentence (1 idea). 

3 words in a sentence (2 ideas). 
Resisting suggestion. 

Dissected sentence b (teacher-correct ). 
Making change. 

Naming date. 

Dissected sentence a (early-hour ). 
Abstract definition a (Charity). 
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Naming money. 

8% Definition d (horse). 

8% Passing 2 out of 3 dissected sentences. 
8% Enumerating the months. 

5% Emotional interpretation of picture 3. 
5% Arranging 5 weights. 


+4+++t+t+4++++++ 


The problem now arises of how large a difference may be 
taken to indicate the influence of the language factor. This prob- 
lem has no answer outside of personal opinion. Taking the 
differences in favor of the English groups, the test of copying 
the designs from memory shows a difference of 20% in favor 
of these groups, but it is hard to see how this test can be 
influenced by language training. Again, the test of repeating 7 
digits shows a difference of 34% in favor of the English groups. 
It is also hard to understand why this test should involve the 
language factor as both groups had on an average over seven 
years of experience in using digits. Taking the results that are 
in favor of the non-English speaking groups, the date test shows 


these children ahead 16%, the test of making change 22% and 
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the line suggestion test 27%. It is difficult to understand how 
any of these tests may be influenced by language training. Using 
the tests enumerated as a limit, it might be concluded that some 
of the absurdities tests and some of the definitions tests show 
the influence of language training in favoring children of Eng- 
lish speaking parents. If this conclusion is drawn, however, 
it is also necessary to conclude that the tests of naming 60 words 
and constructing a sentence from three given words show a larger 
influence of language training in favoring the children of non- 
English speaking parents. This conclusion is certainly possible, 
for the training of this group of subjects in two languages may 
be a positive help. The reader may draw his own conclusions. 

Although no definite conclusions may be drawn concerning the 
presence of the language factor, it is possible to estimate the 
importance of this factor in the present investigation by compar- 
ing it with another factor, that of the intellectual differences be- 
tween the groups. Columns A and C show the per cent. that the 
40 normal children and the 44 retarded children (English and 
non-English combined) pass the individual tests, and column E 
indicates the percentage difference between these groups. The 
60 differences between the normal and retarded group vary from 
—78% (i. e. 78% in favor of the normals) to +13%. The 
average difference is —30.48% (MV=20.72%). The largest 
difference between the English and non-English groups is 37% 
or only 7% higher than the average difference between the 
normal and retarded groups. The average difference between 
the English and non-English normal groups is about 5% or one 
sixth of the average difference between normal and retarded 
children. It is therefore possible to conclude that the language 
factor has very little importance as compared to the intellectual 
differences between the groups. 

In the present investigation, the conclusion that the language 
factor has very little importance as compared to the factor of 
the intellectual differences between the two groups does not 
mean that the language factor plays no part in the Binet tests, 
but that it may be disregarded in this study. It was not possible 
to demonstrate whether the differences found between the lan- 
guage groups were due to chance or training. The absence of 
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correlation between the results of the retarded and normal 
language groups would indicate that the differences were due 
to chance. Certain of the individual tests may show the in- 
fluence of this factor, but this influence may be disregarded for 
it should be the same in both groups, the normal and retarded. 
Any effect of language training would be equal in both groups, 
for both groups contain approximately the same number of 
children of non-English speaking parents, both groups come 
from the same sort of homes, and both groups have had the 
same amount of linguistic training in the homes and in the 
schools. The differences may be related to the intellectual dif- 
ferences between the groups, and these differences may therefore 
be used as indices of the diagnostic value of the tests. 
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V. DIAGNOSTIC VALUE OF BINET TESTS 


In the Introduction it was shown that the Binet scale is not a 
reliable instrument for diagnosing the higher grades of mental 
defect, for, as suggested by Binet (7) and demonstrated by 
Descoeudres (20) and Chotzen (18), it is composed of some tests 
that are effective and others that are ineffective in diagnosing in- 
telligence. To determine what tests were most effective, the 
writer gave the tests to two groups of children who had had the 
same physical and environmental opportunities but who showed 
different school progress. It was not possible to account for the 
fact that one group had progressed only half as far in school as 
the other without assuming a difference in the general intellectual 
endowment of the groups. The differences in the reactions of 
the groups to the tests could not be due to differences in sociolog- 
ical status or school training, nor could the personal equation or 
the language factor influence the results to any extent. These 
differences may therefore be referred to the intellectual differ- 
ences between the groups, and the magnitude of the differences 
used as indices of the diagnostic value or effectiveness of the 
tests. 

The logic of this method of measuring the effectiveness of the 
individual tests is the same as that of the method which Binet (5) 
proposed for estimating the importance of stigmata in the diag- 
nosis of subnormality. According to Binet’s proposed method of 
calculation, if a certain stigma were always found among sub- 
normals and never among normal individuals, this stigma would 
have the value of 100%. Another stigma found among all sub- 
normals and 50% of normals would have a value of 50%. In 
this way the principle of calculation which Binet proposed would 
attach to each stigma its “coefficient d’importance,” and the rela- 
tive certainty of these diagnostic indices would be measured on a 
scale of 100. The present investigation simply reverses the 
process. If a certain test ability were present in all normals and 
not present in any subnormals, its diagnostic value would be 
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100%. If any ability occurs with the same frequency in normals 
and subnormals, the percentage performance of each group would 


be the same and its diagnostic value would be o. 


The per cent. that each test was passed by the 58 normal and 
59 retarded subjects, and the differences between these percent- 
ages, or the diagnostic value of each test, are shown in table 6. 


TABLE 6. 


Diagnostic Value of Each Test, 


Per cent. Per cent. Diagnostic 


passed by passed by 


normal 
I I ik sw vine ovens eeu 100 
Enumerating the months....................00. 98 
Naming the pieces of money................... 100 
ES EE ee E 98 
FAUGUME TVG WORMED cn ccc ccc ce ccccccccecces 74 
Copying designs from memory................. 67 
eS SU i ss ccecesanpnseaeanana 100 
RROEDOCREIIM SEVEN GIBBS oo ccc cccccccdccscccecces 64 
Using three words in a sentence (2 ideas)..... 100 
Using three words in a sentence (1 idea)....... 79 
ee GUID a Awan oink. s0<caveessccetds 33 
Naming 60 words in 3 minutes................. 93 
Giving three rhymes with defender............. 0 
Repeating a sentence of 26 syllables............ 0 
Comprehending easy questions 
SR iis «be ceded dalns cine ddensceeGedoh 100 
NE cae Moods Feces swaageebheener 95 
SEE Schdddddness cNenesaciessneseceer 100 
y 2 Sf fe ee errr er 100 
Comprehending difficult questions 
EE sete cald cused vengebesecesoes 7 
GEE Gas édnadecbcdaledueidinese 88 
EE EE his oo. awe 0 cen ge ene cwadmsin 50 
EE Wicca ccvcsccesvssasaacsde 98 
EN SUD 2. ive aeeua dees vabacseen QI 
TE EE, OE Sewn ke buéawsndieeveessavunees 86 
Detecting absurdities in statements 
eR Se ere oer Cer eee 90 
See ta aan bo ctekddbeene wa 71 
Cee MI oon c oc ccc ccncccccseds 95 
SE Conta We bane's'e es ¥awnesemesensat QI 
RIP GUID ns icewiicw ccc cecsccececeis 81 
PR OH Mi ik ci didaecdcesteabinankat 95 


Defining terms superior to use 


hs Gre ct ee a ns ee 84 


ee 
ee 
ee eee eee reo ee eee ee eeeeeereeeeeeeas 
eee eee eee eee eee ee eee eeeeeeeeereee 


retarded 
71 
55 


value 


—29 
—43 
om @ 
—I5 
18 
— 2 
—29 
—23 
—I2 
—277 


fy) 
+ 2 
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Li 
wae TABLE 6 (continued) ; ‘ 
fy tf ie Percent. Per cent. Diagnostic 
| tk ; passed by pasedby value 
we” : normal retarded 
bed Defining abstract terms 
Meh 2; GOED ois 5c c ss cidenigedbeaas skwttinie 53 12 —4I 
Le Bs De Eb Sc cwasc ct dscbibaasdekeusscel 47 5 —42 
ay CONG RR a Ae 48 24 —24 
fees ME 8 os. inc ccck ec ein nnnke 59 8 —5I 
er Reconstructing dissected sentences 
cot 8 SPE nic vnc ktddacceowiwedtis dacs 84 14 —70 
Ae b. teacher-correct .........ccceeee: its ekess 93 39 —54 
| 0, MOINS oo 5 + in a idcintenasoibesdiudeuiws 97 32 —65 
| PEN SE GE Bo 6 ans cc dade bees eee eies 100 29 —7I1 
Solving problems from various facts 
ee i, eee  GpOien 6 SU ease oa ca casa bawsss 53 32 —2I 
ee? | Sg Bh , ee erm Te 74 23 —5I 
| BE IR, oc 5 venus adathsdawhatecdeackes 45 10 —35 
' Responses to pictures 
- BE PS 74 71 — 3 
. BOO. F 4 SSP ROUIRNIOR, 6 oni iknckdddciwssannds 33 24 —9 
a TNE, on cc nanvecduwnuntdepednccnds 2 2 0 
nage TIBOR 9-35 occ ck dccvnhcesacckimel 69 73 +4 
igo a ea 19 12 —7 
ie PI 56 owesstadescnsdtntawasmuees 12 10 —2 
Oey a SE <0... cdaaivling saekeeaauas 74 78 +4 
Bit g INO: 3t FORT OPOIRNION ois kk ines c cses cc nddcecs 28 34 + 6 
Vae Emotion ...... ‘\edsthan ta eSusaiadiegs 3 o — 3 
ae : | Summary of pictures test 
Aare Describing 2 out of 3 pictures (Age VII)... 74 76 +2 
es Interpreting 2 out of 3 pictures (Age XV).. 21 15 — 6 
ie A glance at table 6 shows the large variation in the diagnostic 
‘ > | value of the tests. The tests of reconstructing dissected sen- 
oes | tences, for example, show differences between the groups of 
ig 54%, 65%, 70% and 71%, while the test of resisting suggestion 
ae shows a difference of but 12%. The first test is passed by all the 
uF a normal group, but by only 29% of the retarded group. The 
"3 second test is passed by 33% of the normal and 21% of the 
ial retarded groups. Both of these tests are “twelve year’ tests. 
ay The suggestion test, although quantitatively equal to the sentence 
a test, is almost equally as difficult for both groups, while the sen- 
tence test is universally passed by one group and is difficult for 
the other. These figures would show then that the test of recon- 
iy 4 *The scores “Any 2 out of 3” or “Any 3 out of 5” refer to Binet’s method 
at i of counting certain tests passed if the subject passes a certain number of 
aoe the parts of the test. 
Ait : 
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structing dissected sentences is highly diagnostic of intelligence, 
while the line suggestion test has no value as an intelligence test. 

The differences between the normal and retarded groups vary 
from —76% to +10%, the median being —29% (Q=—=23%). 
At first thought it might seem that the tests could be arranged 
immediately in the order of their diagnostic value on the basis 
of the figures given in table 6. More careful study shows that 
the method, although conclusive concerning certain tests, is in- 
conclusive concerning others. The truth of this statement is 
very clearly shown by referring to the tests that stand out at the 
extremes of the list—the tests that show the highest and the low- 
est diagnostic values. 

The following list contains all the tests that show a diagnostic 
value over 50%: 


—76 Comprehension b (Important affair). 
—74 Comprehension e (Actions vs. words). 
—71 Any 3 out of 5 comprehension questions. 
—71 Any 2 out of 3 dissected sentences. 

—70 Dissected sentence a (early-hour). 

—65 Dissected sentence c (dog-master). 

—62 Absurdity e (Friday unlucky). 

—54 Dissected sentence b (teacher-correct). 
—53 Any 3 out of 5 absurdities. 

—53 Definition d (Horse). 

—51 Any 3 out of 5 definitions superior to use. 
—51 Problem b ( Neighbor’s visitors). 

—51 Any-2 out of 3 definitions of abstract terms. 
—51 Comprehension d (Asked opinion). 


The 14 tests in the above list are parts of six tests, comprehend- 
ing difficult questions, reconstructing dissected sentences, detect- 
ing absurdities, defining in terms superior to use, defining abstract 
terms and solving problems. Turning to these tests in table 6, 
it is seen that their diagnostic value is in general very high. This 
would indicate then that these tests were the most effective ones 
in the scale for differentiating the groups in question. 

Conclusions as definite can not be drawn concerning all the 
tests at the other extreme. The following list contains the tests 
that show a diagnostic value under 10% : 
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-+-10 Comprehension a (Delayed). 
+ 6*Interpretation. Picture 3. 
+ 4*Description. Picture 3. 

+ 4*Description. Picture 2. 

+ 2*Describing 2 out of 3 pictures (Age VII). 
+ 2 Repeating a sentence of 26 syllables. 
o Giving 3 rhymes with defender. 

o Easy comprehension c (Broken). 
o Any 2 out of 3 easy comprehension. 
o*Emotion. Picture 1. 
2*Emotion. Picture 2. 
2 Easy comprehension a (Train). 
2 Repeating 5 digits. : 
3*Description. Picture I. 
3*Emotion. Picture 3. 
6*Interpreting 2 out of 3 pictures. 
7*Interpretation. Picture 2. 
o*Interpretation. Picture 1. 

—  g Naming the pieces of money. 


The above list of 19 tests contains 11 tests of one sort, so that 
there is strong evidence that this test, describing and interpreting 
pictures, has no value in diagnosing intelligence. It is not possi- 
ble to draw conclusions concerning all the other tests in the list, 


because it is not possible to determine the relation between the 
difficulty of a test and its diagnostic value. If, for example, the 
members of the groups studied had been asked if they were little 
boys or little girls, 100% of both groups would have passed, and 
the diagnostic value of the test would have been zero, or, if they 
had been asked to translate a passage of Greek, none of them 
would have passed, and the diagnostic value would be zero again. 
The tests of naming the pieces of money and comprehending easy 
questions show no diagnostic value, but that does not prove that 
these tests would have no diagnostic value in differentiating 
groups with less ability than the ones examined. In the same 
way, the tests of repeating a long sentence and giving rhymes 
with “defender” are like the passage in Greek, and the fact that 
they show no diagnostic value for these groups does not prove 
that they would not be effective in differentiating groups of 
higher intelligence than the ones examined. 
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Between these extremes of tests that are entirely below or en- 
tirely above the range of ability of the groups examined the tests 
may be distributed in more or less uniform steps. Some tests may 
be just above the lowest ability of the groups, others just below » 
the highest ability, and others nearer the median of these ex- 
tremes. Concerning every test it is possible to raise the question 
of how the diagnostic value would be changed if the test had been 
more or less difficult, or how this value would be changed if the 
groups to whom it had been given had been more or less intelli- 
gent. It is not possible to alter the difficulty of the tests after 
they have been given, but in two cases it is possible to change the 
passing mark, and to calculate the per cent. that would have . 
passed had the passing mark been more or less severe. 

In the 60 word test, a subject is required to give at least 60 
words in three minutes to pass the test. As a matter of fact, the 
subjects gave anywhere from 31 to 196 words in the required 
time. The retarded group gave from 31 to 148 words, the 
median being 69 (Q=—15.5). The normal group gave from 43 
to 196 words, the median being 83 (Q=—11.5). If the passing 
mark had been 75 words instead of 60 words, 77% of the 
normals and 37% of the retarded would have passed, and the 
diagnostic value would have been 40% instead of 27% as shown 
in table 6. In this way it is possible to calculate the percentage 
passed and the diagnostic value for each passing mark. These 
values are shown for 12 passing marks in table 7. The test of 
copying designs from memory was scored according to the ar- 
bitrary point system described in chapter III of the preceding 
section. The scores of both groups varied from o to 20 points, 
the median of the retarded being 10 (Q=6), and of the normal 
18(Q=4.5). The percentage passed and the diagnostic value 
for 10 passing marks are shown in table 7. 

The diagnostic value of the 60 word test rises from 10% 
(where the passing mark is 110 words and the test too hard) to 
40% and falls again to 12% and eventually zero when the test 
is too easy. The diagnostic value of the design test rises from 
23% when the test is too difficult to 36% and down to zero when 
the test is too easy. Every test then has a value which will be 
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TABLE 7. 






































Relation between the Difficulty of Two Tests and their Diagnostic Value. 
Naming 60 words in 3 minutes Copying designs from memory 
Passing Percent. Per cent. Diagnostic Passing Percent. Per cent. Diagnostic 
mark. passedby passedby value mark. passedby passedby value 
No.of normal _ retarded No.of normal retarded 
words group group points group — group 
110 14 4 —10 20 26: 3 —23 
100 19 7 —I2 19 34 9 —25 
95 31 14 —I7 17 55 oa —34 
90 38 16 —22 15 67 31 —36 
85 47 19 —28 13 71 41 —30 
80 64 30 —34 10 76 52 —24 
75 77 37 —40 7 83 60 —23 
70 84 47 —37 5 88 71 —I17 
65 88 53 gS 3 98 88 —I0 
60 93 66 —27 0 100 100 fs) 
ie 50 97 77 —20 
Grae | 40 100 88 —I2 





called the Maximum Diagnostic Value. This value is 40% for 
the 60 word test, and 36% for the designs test. 
In the two tests discussed, the groups were constant and the 
difficulty of the tests varied. In cases where the difficulty of the 
test may be varied, the Maximum Didgnostic Value may be ob- 
tained, provided of course that the method of scoring the test 
is an accurate expression of the intellectual factors involved. In 
other tests it is not possible to alter the difficulty, and the Maxi- 
mum Diagnostic Value can not be determined unless the test 
be given to groups of varying degrees of intelligence. In this 
case, the test is constant and the intellectual level of the groups | 
must be varied in order to find the Maximum Diagnostic Value. 
In this experiment, the groups are constant, so that the method, 
although conclusive in regard to certain tests, is inconclusive in 
regard to others. It is conclusive in regard to tests that show 
a high diagnostic value, and those in which the scoring allows of 
the determination of the Maximum Diagnostic Value, but incon- 
clusive concerning most of the tests that show no diagnostic 
value. The method admits of many positive, but few negative 
conclusions. 
It is possible to use two measures of the diagnostic value of the 
tests, the absolute difference between the per cent. that the normal 
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and retarded groups pass each test, and the relative difference 
between these percentages. The dissected sentence test was 
passed by 100% of the normal group and 29% of the retarded 
group, the five weights test by 74% normal and 56% retarded, 
the test of defining “charity” by 53% normal and 12% retarded, 
and the test of giving an intellectual interpretation of picture I 
by 33% normal and 24% retarded, making the absolute differ- 
ences between the groups 71%, 18%, 41% and 9% respectively. 
The difficulty of the tests for the normal group varied as shown 
by the percentages passed, 100%, 74%, 53% and 33%. Had all 
of the tests been equally within the range of the groups, it is 
possible that the diagnostic values would have been different. 
The relative measure would be the per cent. that the absolute 
difference was of the per cent. passed by normals, the values in 
the case of the four tests cited being 71%, 24%, 77% and 27%. 

The use of the relative differences would imply that the diag- 
nostic values would have changed if the intellectual level of the 
groups had been lower or higher, just as the diagnostic value 
varies if the difficulty of the test (the passing mark) is raised 
or lowered. This would undoubtedly have been the case, yet we 
are not warranted in making inferences from the performance 
of the two groups tested to the performance of any other groups. 
The data from the two groups give no information concerning 
the growth of abilities with age or with intelligence. The per- 
centages merely indicate the actual performance of the groups 
tested. The absolute differences are used as measures of the 
diagnostic values of the tests in this study, and contain no 
implications concerning the nature of the performance of other 
groups. 

The diagnostic value of the tests is not the only criterion that 
the figures in table 6 afford for judging the relative merits of 
the individual tests. The tests used were in the VII, VIII, IX, 
X, XII and XV year groups. Inasmuch as the normal subjects 
were 12, 13 and 14 years of age, it is legitimate to expect that all 
or practically all of these subjects should pass the VII, VIII, IX 
and X year tests. The VII year test of describing pictures is 
failed by 26% of the normal group so that something would ap- 
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pear to be wrong with this test. The VIII and IX year tests 
are almost universally passed with the exception of the definitions 
test which is failed by 16% of the normal group. In the X year 
group, the absurdity and sentence tests are almost universally 
passed, the comprehension test is failed by 14%, the 5 weights 
test by 26%, and the design test by 33%. 

The normal group is composed of 18 subjects aged 12 and 20 
subjects. of 13 and 14. According to Binet’s procedure in cali- 
brating the tests for the different years, about 70 or 75% of the 
I2 year and all of the 13 and 14 year normal boys should pass 
the XII year tests, or approximately 90% of all the group should 
pass. This percentage is approximated by the sentence test 
(79% ), the 60 word test (93%) and the dissected sentence test 
(100% ). The definitions test would appear to be too difficult 
(59% ) and the suggestion test entirely too difficult (33%). 

If the theoretical curve of growth of the XV year tests could 
be guessed at, it would probably approximate 0% at 12, 25% at 
13, 50% at 14, 75% at 15 and 100% at 16. Roughly then it 
would be expected that about 25% of the 12, 13 and 14 year 
normal children would pass these tests. None of these subjects 
passes the tests of repeating the long sentence or giving rhymes, 
21% interpret pictures, 45% solve the problems and 64% re- 
peat 7 digits. The results of the normal group should probably 
not be used to criticize the “fifteen year” tests, for these subjects 
were all under 15. The writer has available the results of 10 
boys in the Princeton High School, three of whom were 15, one 
16, four 17 and two 18 years of age. Three of these boys failed 
to repeat 7 digits and to interpret pictures, four failed to repeat 
the long sentence and only one gave three rhymes with 
“defender.” The writer has given these tests to many normal 
adults but has not recorded them systematically. He has availa- 
ble however the results of seven graduate students all of whom 
had at least a bachelor’s degree. All 7 repeated the 7 digits and 
the sentence of 26 syllables, two failed to give 3 rhymes, and one 
gave the “three year” response of enumerating the objects in the 
pictures, failing in VII and XV. These groups of subjects also 
throw interesting side lights on other tests. Of the 10 high school 
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students, 2 failed to copy the designs, 2 failed to arrange five 
weights, and 6 failed the line suggestion test. Of the 7 advanced 
university students, 1 failed the design test, 1 failed the weights 
test and 2 failed the line suggestion test. If these tests are for 
“ten” and “twelve” year mentality it is right to expect that all 
of these groups of subjects should pass them. 

The figures given in table 6 also show whether the different 
sub-questions under the various tests are of the same difficulty. 
In general the results of the sub-questions are about the same. 
The most marked exceptions appear in the test of comprehending 
difficult questions, where question a is practically impossible, and 
questions b, d and e almost twice as easy as question c. 

For the convenience of the reader, the tests shown in table 6 
are arranged in table 8 in the order of their diagnostic value as 
shown by this method of study. 


TABLE 8. 
Per Cent that Normal Group Pass Each Test. 
(Tests Arranged in the Order of Their Diagnostic Value.) 


Diagnostic Per cent. 
value _— passed by 


normal 
1. Comprehending difficult questions (3 out of 5)....... —7I 86 
2. Reconstructing dissected sentences (2 out of 3)...... —7I 100 
3. Detecting absurdities in statements (3 out of 5)..... —53 05 
4. Defining in terms superior to use (3 out of 5)...... —5I 84 
5. Defining abstract terms (2 out of 3)..............-- SI 59 
G. Hmemerating: (he mantles... cscs cpcccccccctcscncece —43 98 
7. Copying designs from memory................ee.0e: —36 67 
8. Solving (both) problems from various facts......... —35 45 
Oi TE: F CE Wii oe 'nd's en cin cn ebetennsacacisiae —30 64 
wi Sree Ce Gi CI i a coin vce vcbenwnsedctssccasés —29 100 
11. Using 3 words in a sentence (2 ideas).............. —29 100 
12. Naming 60 words in 3 minutes.................00005 —27 93 
13. Using 3 words in a sentence (1 idea)............... — 23 79 
Cs Ree 6 WR 0566 se sies sé censdniccliasapemsies —18 74 
IN ils iin ois cas cn Sc baa veecks SONRbed —I5 08 
oe er ee ee eee —I2 33 
17. Naming the pieces of money...............eeeeeeeee —9 100 
18. Interpreting 2 out of 3 pictures (Age XV).......... — 6 21 
i ee: © Gi ab els Adviaiceddandsécevcccdéacbiuse —2 100 
20. Giving 3 rhymes with “defender”.................... 0 0 
21. Comprehending easy questions.............ceeeeeee oO 100 
22. Repeating a sentence of 26 syllables................. + 2 re) 
23. Describing 2 out of 3 pictures (Age VII)........... 74 
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Describing and Interpreting Pictures. These tests appear near the bottom 
of the list. The small diagnostic value of these tests is surprising in view 
of the fact that Binet considered the test of interpreting pictures one of 
the most important in differentiating normals from morons, Binet considered 
this the most valuable test in the scale. “We place it above all others; and 
were we limited to one test we would without hesitation choose this one.” 
(Town’s (72) translation, page 13.) The results of this investigation would 
show that there is something radically wrong with this test. Very few of 
the subjects pass it (21% of the normal group) but this is to be expected 
if it is a “Fifteen year” test. Three of the high school students failed it, 
and one of the college adults gave the characteristic “three year” response. 
Furthermore the results show that the retarded children are just as likely 
to give an emotional or intellectual interpretation as the normal children. 
The same holds of the test of describing pictures which shows no difference 
between the groups. In fact 26% of the normal group fail to describe the 
pictures and give the enumeration response which is characteristic of the 
“three year” level. The pictures are not of the same difficulty (see table 6), 
it being easier to give an intellectual interpretation of pictures 1 and 3 than 
of picture 2, while the emotional interpretation of the latter appears more 
frequently. 

The explanation of the fact that this test shows no diagnostic value prob- 
ably lies in the instructions. According to Binet’s procedure the child is 
given the picture and asked “What is this?” If he says “It is a picture,” 
the question is put “Tell me what you see there.” In this experiment, the 
instructions were “Tell me what you see in this picture.” The use of the 
word “what” probably induces the response by enumeration. At any rate 
the instructions do not seem to produce the same “Aufgabe” in all subjects, 
and it is most important that all subjects should have the same “Aufgabe” 
on every test. Persons able to interpret the pictures do not interpret them 
because they think something else is expected of them. In most of the cases 
the subjects’ responses are not real measures of their ability. The writer 
believes that the ability to give an intellectual or emotional interpretation 
of pictures is diagnostic of intelligence. If this factor is correlated with 
intelligence, it would seem reasonable to try to test for it. This could be 
done fairly accurately by using more than three pictures, and by framing the 
questions so as to demand the answer by interpretation, saying “What has 
happened here?” or “What is the matter with these people?” The test as 
it stands now is worthless. 

Repeating a Sentence of 26 Syllables. This test shows no diagnostic value 
because it is too difficult. None of the normal subjects and only one re- 
tarded subject passed this test. Four of the high school students failed it, 
so that it would appear too difficult for a “fifteen year” test. In this test 
a graded series of 12 sentences (11 of them from Town and 1 from Whip- 
ple’s (75) manual) were given, the sentences varying in length from 10 to 
32 syllables. The procedure used was that of starting within the subject’s 
range and continuing up the scale until he had failed two sentences in suc- 
cession, the number of syllables in the last sentence being taken as the meas- 
ure of his ability in the test. When working with normal subjects, this 
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procedure was found to be inadequate for some subjects would fail two or 
three sentences in succession and then pass the next. 

Taking the results of the normal subjects, in one case a subject failed four 
sentences in succession and then passed the next. In 19% of the cases the 
subjects failed three sentences in succession and passed the next, and in 45% 
of the cases they failed two in succession and passed the next. The pro- 
cedure was entirely wrong then in taking the subject’s threshold as the point 
beyond which he failed two tests. The error made by the writer was that 
of considering the order of the increasing number of syllables to be the 
measure of the increasing difficulty of the test. This was not the case. The 
tests of repeating sentences of 18, 20, 22 and 24 syllables were given to the 
normal group 90% of the possible number of times. 51% passed 18 syllables, 
18% passed 20 syllables, 3% passed 22 syllables and 61% passed 24 syllables. 
The order of difficulty is therefore 24, 18, 20, 22. Of the 61% of the subjects 
who passed the 24 syllable sentence, 6% failed to repeat 16 syllables, 41% 
failed to repeat 18 syllables, 79% failed 20 syllables and 94% failed 22 
syllables. The explanation of this probably lies in the fact that the 24 
syllable sentence was logically simpler than the others. The factor of logical 
memory can be separated from tests of auditory memory only by the use 
of nonsense syllables. The 24 syllable sentence was not the only one in 
error, however. One subject repeated 22 syllables and failed to repeat 16, 18 
and 20 syllables, while 17% of those who repeated 20 syllables failed to’ repeat 
18 syllables. The order of increasing number of syllables is therefore not 
the order of increasing difficulty. 

According to the procedure, the test was discontinued as soon as two sen- 
tences in succession had been failed. On this account, all of the sentences 
were not given all of the possible number of times, and, as the error in pro- 
cedure was not discovered till normal subjects were examined, a different 
range of sentences were given to the two groups, so that it is not possible 
to compare their results on many sentences. The 26 syllable sentence proved 
too difficult for both groups. The 24 syllable sentence was only given to 
one member of the retarded group so that no comparison is possible. The 
22 syllable sentence-was given to all the normal subjects and only passed 
once, while it was passed but once by the 17 retarded subjects to whom it 
was given, and is therefore too difficult to show any diagnostic value. 

Some indication of the diagnostic value of the 16, 18 and 20 syllable sen- 
tences may be obtained. The 20 syllable sentence was given to 75% of the 
retarded and 98% of the normals. It was passed by 2% of the retarded 
and 18% of the normals, making the diagnostic value 16%. The 18 syllable 
sentence was given to 90% of the retarded and 91% of the normals. It was 
passed by 28% of the former and 51% of the latter, making the diagnostic 
value 23%. The 16 syllable test was given to 81% of the retarded and 47% 
of the normals, it being assumed that all the subjects to whom the test was 
not given would have passed if the test had been given. The test was ac- 
tually passed by 67% of the retarded and 74% of the normals, but if all the 
subjects had passed whom it was assumed would pass, 72% of the retarded 
and 88% of the normals would have passed. The diagnostic value of this 
sentence is therefore between 7% and 16%. The 14 syllable sentence was 
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too easy to show any diagnostic value. The number of syllables for the 16, 
18, 20 and 22 syllable sentences is the correct measure of their difficulty as 
shown by the per cent. that normals passed them (74%, 51%, 18% and 3%). 
The 14 and 16 syllable sentences are too far below the ability of the groups 
to show any diagnostic value, and the 20 and 22 syllable sentences too far 
above this ability. The diagnostic value shown by the 18 syllable sentence 
(23%) may therefore be taken as the Maximum Diagnostic Value for the 
test of repeating sentences. 

Comprehending Easy Questions. Nothing can be said concerning the 
diagnostic value of this test, because all members of both groups passed two 
of the three questions. Question b (Playmate) is more difficult than the 
other two. 

Giving Three Rhymes with “Defender.” This test shows no diagnostic 
value, because none of the normal or retarded subjects passed the test. The 
writer’s experience has been that this test is practically impossible for any 
but exceptionally gifted adults, and is not a fair test of “fifteen year” men- 
tality. The error lies in considering the process of finding three tri-syllabic 
English words ending in “ender” equal in difficulty to the process of finding 
three French words ending in “ance” (the Binet test word being “obéissance”). 
It would be better to admit that the test can not be translated. The normal 
subjects gave in all 30 rhymes with “defender” and the retarded subjects 16. 
If the subjects who succeeded in giving one or more words are considered 
as passing the test, 7 of the retarded and 26 of the normals passed, making 
the diagnostic value 33%. 

Before asking the subjects to give rhymes with “defender,” a practice 
test was given in which the words “day,” “mill” and “spring” were used, 
half a minute being allowed for each word. The total number of rhymes 
given by both groups for “day” was 439, for “mill” 457 and for “spring” 273. 
The latter word is therefore much more difficult. The difference in the 
number of rhymes given by the two groups for “day” was 73, for “mill” 111 
and for “spring” 65. The word “mill” would seem to have the highest 
diagnostic value. Taking the total number of rhymes given for all three 
words as the measure of ability, the normal subjects varied from o to 23, 
the median being 12.5 (Q = 3.75). The retarded group varied from 0 to 21, 
the median being 9 (Q = 5.25). Calculating the percentages of each group 
that would have passed had the passing mark been fixed at any number of 
words from 0 to 23, and subtracting to determine the diagnostic value at 
each passing mark, the Maximum Diagnostic Value for this test was 32% 
at the passing mark of 5 or 6 words. The value is very close to the value 
found for giving one or more rhymes with “defender” (33%), so that these 
figures probably express the general value of rhyming tests in differentiating 
the intellectual differences between the groups. Binet included the rhyming 
test in the list of six tests that he considered valuable in differentiating 
morons from normals. 

Repeating Five Digits. This test shows no diagnostic value, because it 
is too far within the ability of the groups. 

Repeating Seven Digits. This test shows a diagnostic value of 30%. 

Naming the Pieces of Money. No conclusions may be drawn concerning 
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the differential value of this test, as it was failed by only 5% of the re- 
tarded group. 

Making Change. Although this test is slightly more difficult for the re- 
tarded group than naming money, it is still too far within the ability of the 
groups to show its true diagnostic value. 

Resisting Suggestion. This test shows practically no diagnostic value 
(12%), and is passed by only 33% of the normal group. This test admits 
of a more accurate scoring, inasmuch as there are three lines on which 
judgments must be made. The normal group in all gave 58 correct judg- 
ments out of 174 possible judgments or 33% correct. The retarded group 
gave 45 correct judgments out of 174 or 26%, making the diagnostic value 
7%. The small percentage passed by the normal group is surprising in view 
of the fact that this test is a “twelve year” test. 6 of the 10 high school 
students failed this test and 2 of the adults. It is certainly not a test for 
“twelve years” then, and the writer doubts if it is a test for intelligence, 
as in his experience persons of ability fail it just as readily as persons of 
no ability. It is seen to be equally difficult for retarded and normal sub- 
jects. Schmitt (57) notes two types of failure on this test, the typical type 
of failure according to Binet of accepting the suggestion of the first three 
lines, and the failure due to the fact that the subject actually judges the 
lines unequal after studying them. In the writer’s opinion, this analysis is 
correct. It means that intelligent persons may fail the test by actually mis- 
judging the length of the lines—cases in which the factor of suggestion is 
entirely absent. Even if suggestion does influence intelligent subjects in 
this test, it is not a symptom of defective intelligence to have suggestion 
warp one’s judgment on sensory data. An experiment on suggestion by 
means of the size weight illusion conducted by Dresslar (24) actually showed 
that the brighter children were more suggestible than the duller children. 
Terman (65) has eliminated this test from the latest Stanford revision. 
Persons who have conducted laboratory experiments on the thresholds of 
sensation know how difficult it is to rule suggestion out even with highly 
trained subjects. In doubtful cases of discriminative judgments the subject 
is apt to take any clue. As a general rule the intelligent person is quite 
ready to discredit the evidence of his senses. Very rarely will he discredit 
the conclusion of a reasoning process, however, and the influence of sug- 
gestion is a symptom of defect only when it warps one’s intellectual judg- 
ments. 

Arranging Five Weights. This test shows a low diagnostic value (18%). 
A more accurate method of scoring (taking account of the actual number 
of successes and failures) shows the normal group arranging the weights 
correctly in 70% of their 174 trials, and the retarded group in 55% of their 
176 trials, making the diagnostic value 15%. This result is surprising in 
view of the fact that Binet included this test in the list of six tests that he 
considered most valuable for differentiating morons from normal individuals. 
Binet styles it “An excellent test which presupposes no schooling or acquired 
knowledge, and expresses intelligence in its most natural form,” and says 
that “this test is one of those which best detect intelligence without culture, 
as it is absolutely independent of all instruction.” (Town’s translation, 
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pages 41 and 42.) The results of this investigation would show that the 
test as it stands is also independent of intelligence. 

The reason for this lack of correlation with intelligence lies in the indis- 
criminate mixing of the many factors involved in the test. In discussing 
this test, Binet points out the various types of response—“Many children 
do not understand the explanation and remain motionless; so much the 
worse for them. Others place the boxes in any order without lifting them; 
and from the little attention that they give them, it is easy to see that they 
make no comparison. Others understand that the heaviest must be placed 
first; and they distinguish between the weights of the others most accurately, 
but they are incapable of arranging the other boxes in the order of their 
decreasing weight; this idea of decreasing weight is unintelligible to them, 
They do not lack in sensibility to weight, but in ability to arrange. Others © 
finally grasp the idea of decreasing order, and they come a little nearer to 
applying it; they arrange such series as 15, 12, 9, 3, 6, where a single box 
is misplaced; they can do better, they fail from lack of attention and care. 
This is not a grave error. Nevertheless, we exact two absolutely correct 
arrangements.” (Town’s translation, page 42.) Other writers are in gen- 
eral agreement with Binet’s analysis of the factors involved. Yerkes (82) 
classifies the factors as “Kinaesthetic discrimination, ideation (notion of 
series), attention.” 

In this experiment a control test of five definitely supraliminal weights 
(20, 30, 45, 70 and 100 gms.) was used. This test was passed by all the 
normal and retarded subjects showing that the intellectual ability to compre- 
hend a serial arrangement or to make the logically necessary comparisons 
was present. The failures were therefore failures in sensory discrimination, 
and were of the sort that Binet characterized as “not grave.” The results 
show then that the test as a test of sensory discrimination has no diagnostic 
value. Another proof of the test’s lack of worth is the fact that 26% of 
normal 12, 13 and 14 year boys fail to pass what is supposedly a “ten year” 
test. Schmitt reports that half of a college class of twenty students failed 
to arrange the five weights correctly, and believes that “the grasp of the 
idea of arranging them serially, and an intelligent attempt to do so, is the 
significant part of the test.” (Page 39.) In the writer’s experience, the 
control test of 20, 30, 45, 70 and 100 gram weights proved to be very useful 
and highly diagnostic of the deficiency in the intelligence of low grade cases. 
It would seem then that the intellectual factors of comprehending a serial 
arrangement and making the logically necessary comparisons were diagnostic 
of intelligence while the sensory discrimination was not. 

The above conclusion differs little from those of Peterson and Doll (51) 
who find that the sensory capacity of defective children in muscle sense is 
not noticeably below normal, and that the slight differences found may be 
accounted for on an intellectual rather than a sensory basis. They affirm 
that the test of discriminating lifted weights which they used was not diag- 
nostically valuable except in types of success in following instructions. 
Smith (59) reports a high correlation between pitch discrimination and 
general intelligence, but believes that this correlation is due to the intellectual 
factors in the test rather than to any physiological factors of sensory dis- 
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crimination. These two factors, the intellectual and the physiological (or 
as Smith calls them, the “elemental”), enter into almost all sensory tests, and 
the writer believes that most of the correlations reported between sensory 
discrimination and intelligence are due to the intellectual factors in the 
tests.1_ Burt (16) finds no general connection between the capacity to dis- 
criminate lifted weights and intelligence as estimated by the school masters. 
The results of Thorndike, Lay and Dean (71) on 37 normal school women 
and 25 high school boys show low correlations between accuracy in repro- 
ducing lengths and intelligence as estimated by the pupils (25), by the 
teachers (12) and by the school records (—o1); and between ability in 
weighing boxes to standards and intelligence as estimated by the pupils 
(23), by the teachers (08) and by the school records (21). From Thorn- 
dike’s results, Simpson (58) estimates the probable correlation between gen- 
eral sensory discrimination and general intelligence to be about 23. In the 
light of the results of this investigation and those of other investigators 
it is safe to conclude that the test of arranging five weights has no diagnostic 
value and should be eliminated from the scale. If the test were changed 
so as to rule out the factor of sensory discrimination, and involve only the 
intellectual factors of comprehending a serial arrangement and making 
the logically necessary comparisons, the test would probably prove very 
valuable in differentiating the intelligence of younger children. 

Constructing a Sentence. The test of constructing a sentence containing 
three given words with the resulting expression containing one or two ideas 
shows diagnostic values of 23% (1 idea) and 29% (2 ideas). In a preceding 
chapter (see page 129) it was seen that large differences existed in the 
character of the sentences constructed. The sentences “Trenton has lots 
of money on the river” and “Trenton paid a large sum of money to have the 
Delaware river deepened” represent widely different logical constructions, yet 
both would have to be scored plus under the “twelve year” test, for according 
to Binet the fact that a child constructs a single sentence containing the 
three words proves that he has a “mental age” of twelve, even if the sen- 
tence given be devoid of sense. An example given by Binet of such a sen- 
tence that would receive a “twelve year” credit is “Paris is a city of fortune 
by a stream.” The writer believes that if the test were scored according to 
logical rather than grammatical merit, the diagnostic value would be much 
higher. Meumann (46) in an extensive study of the ability of children to 
construct sentences from two words, three words, and from pairs of words, 
places the greatest emphasis in the analysis of the results in their relation 
to intellectual endowment on the character of the responses. 

Naming 60 Words in 3 Minutes. This test shows a Maximum Diagnostic 
Value of 40% when the passing mark is 75 rather than 60 words. In this 
test, 21% of the retarded group exceed the median of the normal group, 32% 
exceed the lowest 14 of the normal group and 84% exceed the lowest one. 


1This applies to other tests more elementary than those of sense dis- 
crimination. Some of the correlations between intelligence and vital capacity 
are undoubtedly due to the fact that there is a trick in blowing up a spirome- 
ter, and that dull and defective children loose a lot of “wind.” These cor- 
relations refer more to the quickness in sizing up the apparatus and catching 
on to the method than to the cubic contents of the mouth and lungs. 
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Giving the Day and Date. This test which in a preceding section was 
shown to depend on school training shows a diagnostic value of 29%. 

Solving Problems from Various Facts. This test shows a diagnostic value 
of 35%, but this is not a true expression of the merit of the test for it is 
the resultant score of an effective and an ineffective test. Problem a (Hang- 
ing from a limb) shows a low diagnostic value (21%), while the other 
problem (Neighbor’s visitors) shows a value of 51%. The second test is 
twice as effective as the first yet its merit is obscured by the scoring of the 
test according to the ruling that the subject must solve both problems in 
order to pass the test. The fact that one poor test may in this way lower 
the effectiveness of another test illustrates one of the advantages of the 
partial credit system adopted by Yerkes in the Point Scale. The explanation 
of the fact that the first problem shows a low diagnostic value probably lies 
in the fact that a large number of the normal group gave the answers “a 
bear,” “a snake,” etc., answers which to intelligent subjects seemed to be- 
perfectly rational, but which had to be scored minus according to Binet’s 
rule that “a man hanging” is the only acceptable answer. 

Copying Designs from Memory. This test shows a Maximum Diagnostic 
Value of 36%. 9% of the retarded group exceed the median of the normal 
group, 52% exceed the lowest 14 and 88% exceed the lowest one. The fact 
that 33% of the normal 12, 13 and 14 year boys fail this test for “ten year” 
mentality would show that it is not a real “ten year” test. In all probability 
the visual memory involved is of a particular sort so that no group of in- 

dividuals randomly selected would ever succeed in 100% of the cases. 
Enumerating the Months. This test shows a diagnostic value of 43%. In 
a previous section it was shown that this test depended on school training. 
The examination of Chotzen’s (18) results showed that they did not prove 
that the tests that showed the greatest increase with maturity were least 
dependent on intelligence. A test that depends on training may have a high 
diagnostic value, but the previous training of the subject must be known 
of course for the subject’s failure to have significance. 

Defining Abstract Terms. This test shows a diagnostic value of 51%. It 
is interesting to see that in this test the diagnostic value obtained by scoring 
a subject passed if he defines two or three terms correctly is higher than 
the diagnostic value of any of the three parts taken singly. The three words 
are equally difficult to define yet the word “kindness” has the smallest diag- 
nostic value. That the test of defining abstract terms is too difficult is shown 
by the fact that only 590% of the normal subjects passed it, when the pro- 
portion should be approximately 90%. This test is one of the six that Binet 
considered as diagnostic of the mental differences between morons and 
normals. 

Defining in Terms Superior to Use. This test shows a diagnostic value 
of 51%. All of the words are of the same difficulty except “mother” which 
is slightly more difficult due to the occasional embarrassment reaction that 
is encountered. The fact that 16% of the normal 12, 13 and 14 year sub- 
jects fail this test is probably due to the amused attitude that some older 
subjects assume when given this test. The consequence is short and care- 
less answers. It is certainly true that all of the normal subjects were able 
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to give definitions in terms superior to use. Since this test shows such a 
high diagnostic value it would probably be well to change it in some way 
so that all subjects would have the same “Aufgabe,” and so that the test 
would not depend on the random interpretations of “What is a es 

Detecting Absurdities in Statements. This test shows a diagnostic value 
of 53%. Absurdity e shows the highest diagnostic value (62%) and absurd- 
ity d the lowest (23%). Absurdities a, c and d are the easiest, absurdity b 
the most difficult, with absurdity e between. 

Reconstructing Dissected Sentences. This test shows a diagnostic value 
of 71%. This test was found to depend on school training, the effect being 
noticeable between the fourth and fifth grades. This test was passed by 
3 of the 10 retarded boys in the fifth grade, by 13 of the 29 in the fourth 
grade and by 1 boy in the third grade. None of the normal subjects in the 
sixth, seventh or eighth grades failed the test. Two interpretations of this 
test are of course possible. The first is that the high diagnostic value shown 
is due entirely to grade training. The second is that the test is entirely 
dependent on intelligence, and that children who have not sufficient intelli- 
gence to pass the test never reach the fifth grade. The truth probably lies 
in the view that the test depends on both factors. It can not be training 
entirely for the groups had been in school the same length of time, and a 
larger proportion of fourth than fifth grade subjects passed the test. 

In designing the dissected sentence test, Binet sought to detect the same 
abilities that were involved in the Ebbinghaus mutilated prose tests. The 
results of Stenquist, Thorndike and Trabue (60) on a completion test show 
a very marked increase in the performance of children in the fifth and sixth 
grades over those in the third and fourth grades, the sudden increase in 
performance which indicates school training appearing between the fourth 
and fifth school grades, where the influence of this factor appeared in the 
dissected sentence test. The results of Fraser, reported by Whipple (76) 
show a higher correlation between performance on the completion test and 
scholastic status than between performance on this test and chronological 
age. Ebbinghaus (25) believed that the completion test involved factors 
most intimately connected with intelligence. Simpson (58) found that a 
completion test differentiated his two groups almost completely. Wyatt's 
(81) results show a high correlation between intelligence as estimated by 
the teachers and performance on the completion test (0.85, pe 0.04), a cor- 
relation higher than that obtained from any of the other 15 tests used. 
There seems to be good evidence then that both the Ebbinghaus completion 
test and its mutant offspring, the dissected sentence test, depend on school 
training and also correlate highly with intelligence. 

Compehending Difficult Questions, This test also shows a diagnostic value 
of 71%. Question a is practically impossible because the subjects did not 
understand the meaning of the word “delayed.” The fact that the retarded 
children were 10% ahead of the normal children on this test may be due 
to chance or to the personal equation of the experimenter. Question c was 
passed by only 50% of the 12, 13 and 14 year normal children, showing that 
it is too difficult for “ten years.” Questions b, d and e are of approximately 
the same difficulty, but questions b and e have a higher diagnostic value than 
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question d (76% and 74% to 51%). This test is included in the list of six 
tests that Binet considered to be valuable in differentiating the moron from 
the normal individual. 


In the foregoing discussion of the 23 Binet tests used in this 
investigation, it was not possible to draw any conclusions con- 
cerning the tests of comprehending easy questions, repeating 5 
digits, naming the pieces of money and making change, because 
they were too easy for both groups. It was found that the other 
tests varied in their diagnostic value from —71% to +2%, or in 
other words it was shown that the scale contained some tests 
that were very effective and others that were quite ineffective. 
To summarize the results it is best to classify the tests according 
to the mental processes involved, in order to determine what sort 
of tests correlate best with intelligence. 

Any classification of the tests according to the mental processes 
involved is of course inadequate, for these processes can not be 
determined except by experiment. The fact that a test is classi- 
fied as involving a certain process does not prove that that pro- 
cess is involved. In fact two subjects may use quite different 
mental processes in solving the same test. The classification 
given in table 9 is offered with these qualifications. For the 
most part, the writer has adopted the analysis given by Yerkes 
(table I, pages 7 and 8). The writer has added the factor of 
school training to the dissected sentence test, and of logical 
memory to the test of repeating sentences. The tests of solving 
problems, rhyming, naming the months and giving the date are 
not included in Yerkes’ list, and were classified by the writer. 
The list of tests arranged according to their diagnostic value 
with the factors involved in each is shown in table 9. 

In table 10 the tests have been re-classified according to the 
main factors involved in each, and these factors arranged in the 
order of their apparent worth in diagnosing intelligence. The 
diagnostic values of each test and of each part of each test are 
shown. All these values except those given for the tests of rhym- 
ing and repeating sentences are taken from table 6. 

From table 10 it will be seen that most of the large differences 
between the normal and retarded groups appear under the head- 





ee 






































Diagnostic 
Value 
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TABLE o9. 
Factors Involved in the Various Tests. 
Tests 


Comprehending difficult questions. saith 
PRACTICAL JUDGMENT involving memory and imagination. 


Reconstructing dissected sentences.. 
IDEATION involving analysis, imagination, command of lan- 
guage forms, school training. 


Detecting absurdities in statements. 
LOGICAL JUDGMENT based on imagination, analysis and 
reasoning. 


Defining terms superior to use. 
IDEATION (association and analysis). 


Defining abstract terms. 
IDEATION involving vocabulary. 


Problem b (Neighbor’s visitors). 
PRACTICAL JUDGMENT, reasoning inductively from a con- 
crete situation. 


Enumerating the months. 
SCHOOL TRAINING, memory. 


Naming 60 words in three minutes. 
ASSOCIATION (free), vocabulary, attention. 


Copying designs from memory. 
VISUAL MEMORY, perception, attention, motor coordination. 


Rhyming words with “defender” and with “day,” “mill” and 
“spring.” 
ASSOCIATION (controlled), vocabulary, attention. 


Repeating 7 digits. 
AUDITORY MEMORY for words (digits), attention. 


Giving the day and date. 
SCHOOL TRAINING, memory. 


—29 and —23 Using 3 words in a sentence containing either one or two 


—18 


{2 





ideas. 
IMAGINATION and command of language forms, 


Repeating sentences (18 syllables). 
AUDITORY MEMORY for sentences, logical memory, atten- 
tion. 


Problem a (Hanging from a limb). 
PRACTICAL JUDGMENT, reasoning inductively from a con- 
crete situation. 


Arranging five weights. 
KINAESTHETIC DISCRIMINATION, ideation (notion of 
series), attention. 


Resisting suggestion. 
SUGGESTIBILITY, visual perception, comparison. 


—6 and +2 Interpreting and describing pictures. 


PERCEPTION (visual—of things, relations, meanings), ap- 
perception, association, imagination. 
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TABLE 10. 





Diagnostic Value of Various Tests and Parts of Tests Classified according to the 


Factors Involved. 


Diagnostic Value 
of of Parts 
total a(1) b(2) 
score 
IDEATION 
Reconstructing dissected sentences*..... —7I —70 —54 
Defining in terms superior to use...... —jSi —49 —38 
Defining abstract terms...............6. —5I —4I1 —42 
JUDGMENT (logical and practical) 
Compehending difficult questions........ —71 +10 —76 
Detecting absurdities in statements..... —53 —42 —46 
Solving problems from various facts.... —5I —2I —35 
SCHOOL TRAINING 
Enumerating the months............... —43 
Giving the day and date................ —29 
ASSOCIATION (free and controlled) 
Naming 60 words in 3 minutes......... —40 
Giving rhymes with “defender”........ —33 
MEMORY (auditory and visual) 
Copying designs from memory......... —36 
SE OME Ss «oc onccnsansdwnetane —30 
Repeating sentence (18 syllables)....... —23 
IMAGINATION 
Using three words ina sentence (2ideas) —29 
Using three words in a sentence (1 idea) —23 
KINAESTHETIC DISCRIMINATION 
Arranging five weights................. —18 
SUGGESTIBILITY 
Resisting suggestion ................... —I2 
PERCEPTION 
ee eee +2 -—3 +4 
Eeberpretime Pictures .........ccccacccss — 6 
Emotional interpretation ............ o —2 
Intellectual interpretation ........... —9o —7 


d ¢e 
—§3 —43 
—— =e 
—23 —62 


*The test of reconstructing dissected sentences also involves school training. 


ings “Ideation” and “Judgment.” Five of the 29 values under 
these headings are 70% or over, 14 are over 50% and 22 are 
over 40%. Under the remaining headings only two tests show 


a diagnostic value of 40% or over. 


Two interpretations of these results are possible: the first, that 
the factors involved in the first six tests are those that are most 
intimately associated with intelligence; the second, that these 6 




























DIAGNOSTIC VALUE OF MENTAL TESTS 161 


tests all involve the use of language, and that they are really 
diagnostic of the amount of linguistic training rather than intelli- 
gence. The 6 tests that show the highest diagnostic value most 
certainly deal with verbal material. One interpretation must hold 
that the normals handle the material better because they are 
more intelligent, the other that they handle it better because 
they have had more linguistic training. The position that the 
differences are due to training is supported by the fact that the 
dissected sentence test depends on school training, and that the 
test of enumerating the months also shows a high diagnostic 
value (43%). Against this position it may be said that the re- 
tarded children had been in school as long as the normal children, 
and had come from the same sort of homes. When the results 
of children of different linguistic training are compared, the 
differences are slight compared to those found between children 
of different intelligence. The normal children of English speak- 
ing parents average 5% higher than those of non-English speak- 
ing parents on these six tests, and the same difference is found 
between the retarded groups of different linguistic training. The 
normal group however averages 47% higher than the retarded 
group on these six tests. It is therefore legitimate to conclude 
that these tests involve other factors beside language—factors 
that are intimately connected with intelligence. 

The reader may draw his own conclusions concerning the 
nature of the mental processes involved in the tests. In the 
writer’s opinion, the tests that show the highest correlation with 
intelligence are those that involve reasoning—that demand the 
application of the subject’s knowledge in a new way. It is safe 
to assume that a group of impartial judges would classify the 
mental processes involved in the six tests that show the highest 
diagnostic value among those commonly called the “higher 
thought processes,’ and would place the other processes of mem- 
ory, imagination, sensory discrimination and _ suggestibility 
somewhat below these on a scale of complexity. 

It is not necessary, however, for the purposes of this discus- 
sion to classify the mental processes involved in the tests. It is 
only necessary to note that certain tests show a very high diag- 
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nostic value while others show practically none. The tests of 
arranging weights, resisting suggestion and describing and inter- 
preting pictures should either be changed so as to bring out their 
diagnostic value or thrown out of the scale entirely. The rest 
of the tests should be weighted in the scoring system according 
to their relative diagnostic value. 

It has been seen that the Binet scale is inadequate in diagnosing 
the higher grades of mental defect. The reason for this is now 
obvious. Certain tests are diagnostic of intelligence while others 
are not. The subject receives the same credit for passing the 
tests that are not diagnostic as he does for those that are highly 
diagnostic. The subject who arranges the weights correctly re- 
ceives the same credit (one fifth of a year) as the subject who 
answers all five of the comprehension questions or all five of the 
absurdity questions. In the same way a subject gets the same 
credit for passing the suggestion test as he does for defining 
abstract terms or reconstructing dissected sentences. A subject 
may pass all the tests of low diagnostic value and fail all the 
diagnostic tests and yet have the same “mental age” as a subject 
who passes the diagnostic tests and fails the others. For ex- 
ample, one subject may pass all the tests in VIII, all of the 
tests in IX except the definitions test, the weights, design and 
sentence tests in X, and the suggestion, sentence and 60 word 
tests in XII. He then has a basal age of 8, and having passed 10 
tests above that, his “mental age” is 10. Another subject passes 
all of VIII and IX, the absurdity, comprehension and sentence test 
in X, and the definitions and dissected sentence test in XII. He 
then has a basal age of 9, and having passed 5 tests above that, 
his “mental age” is 10. The two subjects would have the same 
“mental age” yet the second would be far more intelligent than 
the first, because he passed all of the diagnostic tests while the 
other passed none of them. In some cases then the value of the 
diagnostic tests may be obscured by those that are not diagnostic. 
Such cases would of course be exceptional for according to 
chance normal children are just as apt to pass the tests that are 
not diagnostic as feeble-minded children. The fact that such 
cases are possible however certainly justifies the opinion of the 
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Buffalo conference (15) that “A mental age of 10 or above is 
not necessarily indicative of feeble-mindedness, regardless of 
how old the examinee may be.” 

The elimination of some of the tests of low diagnostic value 
would make the scale easier to apply and more accurate. This 
may be shown by comparing the total scores on the whole series 
with those on a few tests. There are two ways of scoring sub- 
jects on the Binet tests, by taking the “mental ages,” and by 
subtracting these ages from the chronological ages and finding 
the age differences. The computation of “mental ages” over 10 
is made difficult on account of the missing groups of XI, XIII 
and XIV. A child making basal 10 and passing 4 tests in XII 
has a “mental age’ of 104%. If he passed the additional test 
in XII his “mental age’”’ would be 12, so that one test counts for a 
year and a fifth. In the same way a child passing all tests in XII 
and 4 in XV has a “mental age’ of 124, but if he passes the 
additional test in XV his “mental age’ would be 15, the extra 
test in this case counting for two years anda fifth. This difficulty 
may be overcome by weighting the tests in XII and XV, counting 
all tests in XII as two fifths of a year, and all tests in XV as 
three fifths of a year. The first case cited would then have a 
“mental age’ of 1134 which would become 12 if the additional 
test were passed, and the second case would have a “mental 
age’ of 14% which would become 15 if the-additional test were 
passed. The writer has scored the subjects in both ways, accord- 
ing to the conventional method and according to the method of 
weighting the advanced tests. The comparison of the “mental 
ages” with the chronological ages will also yield two measures 
depending on whether the conventional or weighted “mental 
age” is used. In treating the total scores, the writer has com- 
puted them according to all four methods in order that the most 
favorable method may be used for the purposes of comparison. 

The scores of the subjects on five tests were used to compare 
with the total scores of the whole series. The scores of the sub- 
jects were computed for all five parts of the tests of defining in 
terms superior to use, all five of the absurdity questions, the last 
four comprehension questions, all three abstract. definitions and 
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all three dissected sentences. The score was taken therefore on 
20 parts of five questions so that the ability of each subject may 
be expressed anywhere on a scale from 0 to 20 points. 

To compare the five methods of scoring (the “mental ages” 
and age differences according to the conventional and weighted 
methods of scoring, and the score on five tests), the medians of 
the normal and retarded subjects were found, the Maximum 
Diagnostic Value was computed, and the per cent. of retarded 
subjects exceeding the median of the normal subjects, the lowest 
14 of the normal subjects, and the lowest normal subject was 
determined. These values are shown in table 11. 


TABLE 11. 
Comparison of Various Methods of Scoring the Binet Tests. 












































From table 11 it may be seen that the effect of weighting the 
“mental ages” increases the quantitative differences between the 
medians of the groups, or extends the distribution of the meas- 
ures. The difference between the conventional “mental ages” 
1.4 yrs. (10.8 to 9.6) is increased to 2 yrs. (12.0 to 10.0), and the 
difference between the age differences is increased from 1.4 to 2.3. 
The variability of the measures is of course raised in each in- 
stance. The dispersion of the measures has however no effect on 
their effectiveness in differentiating the groups. The conven- 
tional method of scoring the “mental ages” shows the greatest 
differentiation between the groups and the greatest Maximum 
Diagnostic Value (69%). The score of the subjects on five 
tests is more effective in differentiating the groups however and 


Per cent of retarded group 

| exceeding the 

| | 

| Median of | Median of || Median of | Lowest 14 | Lowest 1 Maximum 

' normal | retarded normal of normal | of normal || Diagnostic 

| group (Q) | group (Q) group group group Value 
Mental ages............ 10.8 (0.2) | 9.6(0.8) 2% 3% 41% 69% 
Weighted mental ages..| 12.0(0.5) | 10.0(0.9) 3% 14% 41% 64% 
Age differences......... -2.6(0.75) | ~4.0(0.7) 10% 22% 63% 52% 
Weighted age difference! -1.3(0.9) | -3.6(08) 7% 22% 49% 54% 
Score on § tests........ 16(2.75) | 6(25) 3% 7% 19% 83% 
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shows a higher diagnostic value (83%). In all, 23 Binet tests 
were used. These results show the paradoxical situation that the 
scale would have been more effective if 18 of these tests had not 
been given. This result is valuable only for a demonstration, and 
does not prove that only five tests should be used in testing in- 
telligence, for the accuracy of any measure of general intelli- 
gence increases with the number of tests, provided that the tests 
are all effective. The result does show however that the method 
of increasing the accuracy of the measures of higher degrees of 
mental defect is that of increasing the number of diagnostic tests 
and eliminating the tests that are not diagnostic. 
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VI. DIAGNOSTIC VALUE OF SUPPLEMENTARY 
TESTS 


The preceding discussion has been confined to the Binet tests 
entirely. In order to make the investigation more complete a 
number of other tests were given. The principle used in select- 
ing the supplementary tests was that of diversity of character. 
Ten different sorts of tests were used, eight of them being ap- 
parently independent of language training. In cases where 
standard tests were used the procedure was adapted to the needs 
of the experiment. Deviations from standard procedure are to be 
excused on the grounds that age norms were not being sought, 
and to find the diagnostic value it was only necessary that the 
subjects understood the nature of the task they were to perform, 
and that the instructions were uniform for both groups. The 
detailed account of the method is given in the description of 
each test. 

Test I. Puzzie TEsts. 


A series of ten puzzles tests was used. The apparatus of one 
test was changed during the course of the experiment so the data 
are given on but nine. The two bicycle bell puzzles were given 
to all of the normal group and to 97% of the retarded group. 
All of the other puzzles were given all of the possible number of 
times. In a previous section, the value of these puzzle tests in 
obtaining the cooperation of the subjects was noted (see page 
124). The discussion of their diagnostic value follows. 


HEALY CONSTRUCTION PUZZLE A. 


The material used for this test was the standard apparatus 
manufactured by C. H. Stoelting Co., and described under Test 
III on pages 14 and 15 of Healy and Fernald’s monograph (34), 
and on pages 93 to 96 of Schmitt’s monograph (57). The 
pieces of the puzzle were disposed irregularly on the table and 
the subject told to “Put this puzzle together.” Healy’s method 
of scoring is to record the number of moves, the number of 
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obvious impossibilities, the repetition of such obvious impossi- 
bilities, and the time, the subject being marked as failed if the 
time exceeded 10 minutes. In the present experiment, the num- 
ber of moves and the time were taken, the subject being marked 
as failed if he made over 30 moves or did not succeed in solving 
the puzzle in a minute and a half. 

81% of the normal subjects and 63% of the retarded subjects 
succeeded in solving the test under these requirements. The 
normal subjects solved the puzzle in from 5 to 27 moves, the 
median of all normal subjects (including those who failed) being 
11.5 (Q=7). The median of the retarded group was 15 moves, 
the variability being higher than 10.5 moves. The Maximum 
Diagnostic Value for the test was 18% at the arbitrary passing 
limit selected (30 moves). 

Schmitt classifies the responses to this test under three types— 
planned, trial and error, and chance. The subject is corisidered 
to have done the test by the planned method if he solves the test 
with less than 6 errors, by the trial and error method if he makes 
from 6 to II errors, and by the chance method if he makes more 
than 12 errors. The method of scoring used in this investigation 
may be compared to that used by Schmitt by adding the smallest 
possible number of moves (5) to the number of errors, and in 
this way considering the difference between the smallest possible 
number of moves and the actual number of moves the number 
of errors. A subject would be considered to have done the test 
by the planned method if he made less than 11 moves, by the 
trial and error method if he made from 11 to 16 moves, and 
by the chance method if he made 17 moves or over. 45% of 
the normal subjects and 36% of the retarded subjects did the 
test by the planned method, 19% of both groups by the trial and 
error method, and the remainder (36% of the normals and 46% 
retarded) by the chance method. This method oi scoring there- 
fore does not show a diagnostic value higher than 10%. 


HEALY CONSTRUCTION PUZZLE B. 


The material used for this test was the standard apparatus 
manufactured by C. H. Stoelting Co., and described under Test 
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IV on pages 16 and 17 of Healy’s monograph, and on pages 97 
to 100 of Schmitt’s monograph. In this investigation, the num- 
ber of moves and the time were recorded, the subject’ being 
marked as failed if he made 35 or more moves, or did not suc- 
ceed in solving the puzzle in three minutes. 

81% of the normal subjects and 51% of the retarded subjects 
succeeded in solving the test under these requirements. The 
normal subjects made from 11 to 34 moves, the median being 19 
(Q=9). The retarded group solved the puzzle in from 11 to 
34 moves, the median being 34 (the other half failing). The 
maximum diagnostic value was 35% if the passing mark were 
30 moves. 

Schmitt considers the subject as solving the test according 
to the planned method if he makes 8 errors or less, by the trial 
and error methods if he makes from 9g to 16 errors, and by the 
chance method if he makes 28 or more errors. The smallest 
possible number of moves is 11. Comparing the two methods of 
scoring, the subjects of this investigation who performed the 
test in 19 moves or less were classified under the planned method, 
from 20 to 27 moves under the trial and error method, and in 
28 or more moves under the chance method. 50% of the normal 
and 24% of the retarded group do the test by the planned 
method, 16% of the normal and 15% of the retarded by the 
trial and error method, and the remainder (34% normal and 
61% retarded) by the chance method. This method of scoring 
therefore shows a diagnostic value of 26%. 

The comparison of the results of this investigation with those 
of Schmitt can not be made, for what Schmitt considers an 
“error’ may not be what the writer considers a “move.” -The 
method of scoring is adopted merely to throw light on the results 
of this investigation. The criticisms of these two Healy tests 
which the writer makes are not made against the tests given 
according to Healy’s procedure, but according to the writer’s 
procedure under the conditions of this experiment. At a matter 
of fact Healy considers the quantitative scoring of his per- 
formance tests of little importance as compared to the qualitative 
scoring—to the experimenter’s judgment of the manner in which 
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the subject approaches the problems. Schmitt has of course 
converted a quantitative scoring (number of errors) into a quali- 
tative scoring (planned, trial and error, and chance methods), so 
that her results can not be used to criticize Healy’s method. 

Schmitt’s results however taken on their own merit show one 
rather striking feature. The results on these two tests, classified 
according to chronological ages in tables XVII and XX on pages 
95 and 98, show a fairly steady gain in the excellence of per- 
formance from 5 to 11%, and a decrease from 11% to 14%. 
Taking the three age groups, 10% to 11%, 11% to 12%, and 
12%4 to 14%, 90% of the first group, 77% of the second and 
60% of the third solve construction puzzle A according to the 
planned method, while 90% of the first group, 71% of the second 
and 65% of the third solve construction puzzle B by the planned 
method. The results show therefore an inverse correlation with 
age from 10% to 14%. The meaning of this is not exactly 
clear. Taken in connection with the fairly low diagnostic value 
found for these two tests (18% and 35%) it would seem to in- 
dicate that these tests had little value in diagnosing the higher 
grades of mental defect. 

Haines (32) classified 63 subjects age 12 to 18 into three 
groups according to their performance on the Binet scale and 
the Point Scale. 21 of the subjects were classified as high grade 
morons, 16 as showing doubtful mental] defect, and 26 as showing 
no mental defect. - He found the construction puzzle A to be 
valuable for distinguishing the not defective from the doubtful, 
and the high grade defective from the doubtful, but found that 
construction puzzle B showed no definite diagnostic value. These 
results are quite opposite to those of this investigation in which 
puzzle B shows a higher diagnostic value (35%) than puzzle 


A (18%). 


BicycLeE BELL Puzz_Les A AND B. 


Two mechanical puzzles were designed by the writer after the 
suggestion of Prof. H. C. McComas, bicycle bells being chosen 
to arouse the subject’s interest. The various parts of the puzzles 
are shown in Fig. IA. Puzzle A consists of parts A, B, D, E 
and F. The position of parts D and E is shown inverted in B 
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to show the manner in which the cogs mesh. Part F slips over 
the center pivot of B, to which the cover A is then attached, the 
completed puzzle being shown under C. The minimum number 
of moves of puzzle A is four. Puzzle B differs from puzzle A 
in that part F of puzzle A is broken up into parts G, H, I, J, K 
_and L of puzzle B. In puzzle B parts D and E fit the same as in 
puzzle A. Part H slides on the center pivot, G fits over H, K 
and L fit in the ends of G and are held in place by I and the 



































Fic. 1 
A. Bicycle Bell Puzzles. 
B. Balance Test. 
C. and D. Test of Lifting the Table Asymmetrically Balanced. 
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washer J. The minimum number of moves for puzzle B is 
eleven. The procedure in giving both puzzles was to place the . 
parts in front of the child with the instructions “Put that bell 
together so it will ring.” The subject was not allowed to see 
the bell as it was being taken apart. The time and the number 
of moves were recorded. 

The subjects were considered as failing bell A if they took 
more than 20 moves or did not succeed in two minutes. 71% of 
the normal subjects and 47% of the retarded subjects passed the 
test. The median of the normal subjects was 15.5 moves, of the 
retarded subjects 27 moves. The Maximum Diagnostic Value 
was 24% when the passing mark was 20 moves. 

Bell B was not given to the subjects who failed bell A, it 
being assumed that they would fail the more difficult one. Bell 
B proved entirely too difficult for both groups, being passed by 
but 22% of the normal subjects and 18% of the retarded sub- 
jects, the subjects being considered as failing if they took more 
than 30 moves or did not solve the puzzle in three minutes. The 


Maximum Diagnostic Value was 10% if the passing mark were 
fixed at 26 moves. 


Puzz.es A, B, C, AC anp BC. 


A series of puzzles was designed in order to test the subject’s 
puzzle solving ability and his capacity to profit by experience. 
The puzzles are shown in Fig. 2 reduced one half. The puzzles 
were constructed of three-ply board painted white on one side 
and black on the other. 

Puzzle A consisted of a triangular opening 9.8 cm. at the base, 
and 7.8 cm. on each side. Two right angle pieces 4.9 x 6.05 
x 7.8 cm. were provided to fill the opening. This puzzle is the 
same as the triangular portion of Healy’s Introductory Picture 
Form Board described under Test I, pages 11 to 13 of his 
monograph. 

Puzzle B consisted of the right angled piece fitting in the left 
side of puzle A, and two other pieces, one 9.7 x 6.05 x 4.0 cm., 
and the other 7.5 x 4.9 x 4.0 cm. Puzzle B fitted in the same 
opening as puzzle A. 


















Puzzle Series. 


Fic. 2. 
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Puzzle C consisted of four pieces fitting into a circular open- 
ing 5 cm. in diameter. The triangular piece was the same size 
as the opening in puzzle A, 9.8 x 7.8 x 7.8 cm. 

Puzzle AC consisted of the three curved portions of puzzle C 
and the two right angled pieces of puzzle A. In this test the 
subject has an opportunity to carry over the learning from 
puzzle A. 

Puzzle BC consisted of the three curved portions of puzzle C 
and the three pieces of puzzle B, so that the learning from the 
latter puzzle might be carried over. 

The instructions in every case were “Put those pieces in there. 
Keep the white side up.” All five of the puzzles were given 
all the possible number of times. Puzzle A may be solved in 
two moves, puzzle B in three, puzzle C in four, puzzle AC in five 
and puzzle BC in six. Puzzles A, B, AC and BC were considered 
failed if the subject made 30 moves or over, or failed to accom- 
plish the task in a minute and a half. 

88% of the normal and 80% of the retarded passed puzzle A. 
The normal group varied from 2 to 28 moves, the median being 
10 (Q=7). The retarded group varied from 3 to 26 moves, the 
median being 12 (Q==7.5). The Maximum Diagnostic Value 
was 14% when the passing mark was 5, 6, 7, or 8 moves. Schmitt 
classified a subject’s response as trial and error if he tried each 
piece in more than two positions before finding the right one, 
and as planned if .he tried one or both pieces in less than two 
positions before finding the right one. The subjects of this study 
are therefore classified as doing the test by the planned method 
if they make 6 moves or under, and by the trial and error method 
if they make more than 6 moves. 33% of the normal and 19% 
of the retarded used the planned method. The diagnostic value 
of this method of scoring is therefore 14%. 

79% of the normals and 59% of the retarded passed puzzle B. 
The normal group made from 5 to 26 moves, the median being 
15.5 (QO=7). The retarded group made from 4 to 27 moves, 
the median being 18 and the variability higher than 9 moves. 
The Maximum Diagnostic Value was 20% when the passing 
mark was placed at 25 moves. 
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Puzzle C was considered failed if the subject made over 15 
moves. All of the normal group and 93% of the retarded group 
passed this test. The median number of moves of the normal 
group was 4 (Q=1), while that of the retarded group was 
5 (Q=2). The Maximum Diagnostic Value was found to be 
20% when the passing mark was 7 moves. 

81% of the normal group and 61% of the retarded group 
passed puzzle AC. The normal group made from 5 to 28 moves, 
the median being 11 (Q=6.5). The retarded subjects made 
from 6 to 29 moves, the median being 19 and the variability 
higher than 9 moves. The Maximum Diagnostic Value was 
27% when the passing mark was placed at 10 moves. 

79% of the normal group and 59% of the retarded group 
passed puzzle BC. The normal group varied from 6 to 27 moves, 
the median being 13 (Q=8.5). The retarded group varied 
from 6 to 28 moves, the median being 22 moves and the vari- 
ability higher than g moves. The maximum Diagnostic Value 
was found to be 26% when the passing mark was I5 moves. 

To study the effect of learning from puzzles A to AC and 
from B to BC, the difference between the number of mgves on 
the first test and the number on the second minus the three ad- 
ditional moves from the curved pieces was used. The coeffi- 
cients of learning for all subjects were calculated according to 
the formulae,— 

Coefficient of learning from A to AC—=A—(AC—3) 

Coefficient of learning from B to BC—B—(BC—3) 

A positive value would therefore indicate that the subject had 
profitted by the experience of the first test, a negative value that 


he had not. 


In the comparison of the scores from A to AC, the normal sub- 
jects varied from +25 to —21, the median being 0 (Q=7.5). 
The retarded subjects varied from +-22 to —27, the median being 
o (Q=9.5). The Maximum Diagnostic Value was 11%. 

In the comparison of the scores from B to BC, the normal 
subjects varied from +27 to —23, the median being +2.5 
(Q=—4). The retarded subjects varied from +27 to —26, the 
median being o (O=—9). The Maximum Diagnostic Value was 
13%. 
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Although the series of puzzles was designed so that the practise 
on the first two puzzles might carry over to the last two, the 
medians indicate that very little if any of the learning was car- 
ried over. In only one case (normal group B to BC, +2.5 
moves) is any learning shown. In the other cases the medians 
are zero indicating no learning. This is probably due to the fact 
that there is something in the way of a “trick” or a “catch” in 
these puzzles. 


SUMMARY OF PUZZLE TESTS 


The distribution of the number of moves made by normal (N) 
and retarded (R) subjects in solving each of the 9 puzzles is 
shown in table 12. 

A study of table 12 shows that the two groups do not differ 
greatly in the character of their responses to the puzzles. The 
distribution of the number of moves is very much the same, 
and the writer can not find any marked differentiation between 
the groups in the character of their responses. The normal 
group is of course ahead of the retarded group in general. The 
median of the normal group is 3.5 moves lower than that of the 
retarded group on the Healy construction puzzle A, 15 moves on 
construction puzzle B, 11.5 moves on Bell A, 2 moves on puzzle 
A, 2.5 moves on puzzle B, I move on puzzle C, 8 moves on puzzle 
AC and 9 moves on puzzle BC. The highest diagnostic value 
found was 35% (Healy construction puzzle B). 

The low diagnostic values found for the puzzle tests are sur- 
prising in view of the fact that the results from such tests are 
so frequently stressed as bearing considerable weight in mental 
examinations. Puzzle tests are used very largely at Ellis Island 
and at numerous clinics where mental examinations are made 
on individuals who have difficulty in the use of English. The 
reason that puzzle tests are stressed in such cases may be that no 
other tests can be used. Certainly the results of this investigation 
do not justify the confidence that is generally placed in such 
tests in the diagnosis of the higher grades of mental defect. 

It may be argued that the element of chance operates in in- 
dividual cases and might obscure a real correlation. If a subject 
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TABLE 12. 
Distribution of Responses (Number of Moves) of Subjects in Solving Puzzle Tests. 
Healy A HealyB BellA BellB A B C AC BC 
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has any such thing as a general puzzle solving ability, it would be 
unlikely that chance would operate against him in a series of nine 
puzzles, so that a combined score on all nine puzzles would guar- 
antee the presence of any such general factor, while treating the 
combined score in the same manner as a single score would show 
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if this general factor were correlated with intelligence. The com- 
bined score of each subject was obtained by adding the number of 
moves that he made on each test. In case the subject failed the 
Healy construction puzzle A, bell B, puzzle A, B, AC or BC, his 
score was counted as 30 moves. Failure was counted 35 moves 
on construction puzzle B, 20 moves on bell A, and 15 moves on 
puzzle C. If a subject solved all the puzzles in the fewest possible 
number of moves his score would be 49, while if he failed all 
puzzles his score would be 250. 

The total number of moves made by normal subjects varied 
from 93 to 220, the median being 138.5 (Q==22.5). The total 
number of moves made by retarded subjects varied from 96 to 
245, the median being 171 (Q=28.5). The Maximum Diag- 
nostic Value was found to be 34% when the passing mark was 
150 moves. Combining the scores in order to give weight to 
any general puzzle solving ability therefore does not help mat- 
ters any. 

The fact that the puzzles used in this investigation did not 
show a high diagnostic value of course does not prove that all 
puzzle tests have the same low value. The results apply to this 
investigation only. In the writer’s opinion however puzzle tests 
receive rather more weight in mental examinations than they de- 
serve. The writer is frankly skeptical. The puzzles used in 
this series were all scored quantitatively, and it may be true that 
when they are scored qualitatively, when they are used merely to 
afford the experienced experimenter an opportunity to observe the 
subject’s behavior on a concrete problem, they may have a high 
diagnostic value. Even then the experimenter should get his 
experience from examining a large number of normal individuals, 
for the writer has seen perfectly normal adults make the most 
impossible mistakes in solving puzzles, apparently because they 
had a definite attitude toward puzzles in general as being some- 
thing to which reasoning does not apply, and in the solution of 
which the most rational method is that of trial and error. Of 
course intelligent persons do not place round blocks in square 
holes and leave them there, but this sort of ability is already 
satisfactorily tested by the form board. 
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The foregoing statements are simply an expression of the 
writer’s opinion, and as such may be entirely false. The actual 
results only prove that the puzzle tests as given and as scored 
show a diagnostic value for the groups studied of but 34%. It 
is possible that if the shades of response scored were grosser the 
puzzles would be diagnostic of lower degrees of mental defect. 
The value obtained as an index of a test’s merit by raising or 
lowering the difficulty of the test (the Maximum Diagnostic 
Value) is an accurate expression of the merit of a test only if 
the scoring is an adequate expression of the intellectual factors 
involved. As a matter of fact the puzzles used were well within 
the ability of the groups. The per cent. of subjects passing 


each test under the requirements is as follows,— 


Healy Bell Puzzles 

A B A B A B C AC BC 
Normal 81 81 71 22 88 79 100 81 79 
Retarded 63 SI 47 18 80 59 93 61 59 


Healy says that most of his twelve year children solve con- 
struction puzzle A in from 12 seconds to 2 minutes, and he con- 
siders a subject as failing if he takes more than 10 minutes. The 
difference between the two minute response and the ten minute 
response cannot be expressed on a scale of 30 moves. It is quite 
possible that the puzzle tests might be diagnostic of the lower 


grades of defect if they were scored on a gross scale such as the 
number of minutes taken for the solution rather than the number 
of moves taken in a minute and a half. Under the conditions of 
the experiment it is not possible to determine the validity of this 
statement. It is only possible to show that the puzzle tests used 


have little value in diagnosing the higher degrees of mental 
defect. 


Test Il. Lirrinc THE TABLE ASYMMETRICALLY BALANCED. 


A test was designed for testing practical judgment without the 
use of language in which the subject was required to lift with a 
hook a small triangular table asymmetrically balanced. A piece 
of board 1.4 cm. thick was cut in the form of an isosceles triangle 
50.5 cm. on a side. 157 hooks numbered in rotation from left to 
right were attached to the upper surface of the board. On the bot- 
tom surface, legs 10 cm. long were attached to slides which could 
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be moved outward a distance of 12 cm., the distance being read on 
a millimeter scale. At the end of each slide a hook was fixed 
so that different sized weights could be suspended. The six 
weights used were ordinary 2 lb., 1 lb., 8 0z., 4 0z., 2 oz., and I oz. 
weights with hooks attached (the weights in their final form 
weighing 912 gms., 467 gms., 238 gms., 124 gms., 62 gms., and 
33 gms. respectively). A button hook was furnished by which 
the subject was to lift the table. The apparatus is shown bal- 
anced in plate ID, the under surface being shown in plate IC. 

By sliding the legs outward or inward and suspending dii- 
ferent sized weights on the ends of the slides, the center of gravity 
of the apparatus could be thrown on any one of 43 hooks within a 
triangle whose outer surface ran about 13 cm. from the outer 
edge of the board. The table could be lifted by but one hook 
for each adjustment, one or two legs remaining on the floor for 
all of the remaining 156 hooks. 12 adjustments were used in 
this study, a scale for making them being attached to the under 
surface of the board. The table alone weighed about 114 kgms., 
and the heaviest possible combination of weights would make 
the whole apparatus slightly over 3 kgms. 

The procedure in giving the test follows. The slides were 
adjusted and the weights attached while the subject was looking 
on. The experimenter then held the table a little above the floor 
and said, “You see this table is fixed with a heavy weight here 
and a little one here (etc.). I am going to give you a button 
hook, and you must pick up the table, so that it will balance, 
in just as few moves as youcan. There is only one right hook 
to pick it up, and you must find that hook. If you get the wrong 
hook the table will tip up this way or that way (illustrating), if 
you get the right hook it will come up nice and level (illustrat- 
ing). Now pick it up in just as few moves as you can.” The 
table was placed on the floor, and the subject was not allowed to 
touch it with his hands. The instructions were given twice. The 
experimenter recorded the number of each hook in order as the 
subject tried them. No hint was given to the subject concern- 
ing the method but he was encouraged if he lost patience. The 


test was given to all the subjects, each subject having three 
trials. 
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The responses of the subjects varied from that of selecting 
the right hook immediately to that of selecting the hooks ran- 
domly and finally chancing upon the right hook. One subject 
made 97 attempts. Most of the subjects found the center of 
gravity in less than 10 moves. The distribution of the number 
of moves made by normal and retarded subjects in all three trials 
is as follows,— 


No. of moves.... I 2 3 4 5 6 7 8 9 10 overIo 
Normal en a. we oe 8 8 5 4 29 
Retarded oS. ww we se 9 5 10 5 47 


The responses of the normal subjects varied from 1 to 42 moves, 
the median being 4 (Q=2.5), and those of the retarded subjects 
varied from 1 to 97 moves, the median being 5.5 (Q==4). 

The factor of information was encountered and avoided by 
changing the adjustments. One 15 year subject made 23 at- 
tempts on the first trial and gave it up. On the second trial, 
after he had made 38 attempts the experimenter told him on 
which end of the board he could find the right hook, and he 
found it after 18 more attempts. On the third trial he found 
the center of gravity after 15 attempts. In spite of his poor 
performance he had enough intelligence to remember the number 
of the hooks by which he succeeded in lifting the table on his 
second and third trials, and he told the rest of the boys in his 
room. The experimenter used a different set of adjustments 
after this. The factor of information could enter by telling the 
subject to pick the table up near the end where the heaviest weight 
was suspended. There is no way of avoiding this factor. 

The score of the subjects was not taken as the number of 
moves for the moves differed in their merit, 10 moves close to 
the right hook being a better response than 10 moves in various 
parts of the board. The distance in centimeters of each hook 
from each center of gravity was measured, and the score of the 
subject taken as the sum of the distances from each hook selected 
to the proper hook. For instance two subjects attempted to 
solve an adjustment which placed the'center of gravity on hook 
no. 25. The first subject tried hooks 17, 33, 20, 15 and 25, 
the first four being 3 cm., 2 cm., 2 cm. and 5 cm. from no, 25, 
the solution. Another subject selected hooks 14, 17, 26, 29 and 
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25, these moves being 4 cm., 24 cm., 5 cm, and 3 cm. from no, 25. 
Both made five moves, but the total error of the first was 12 
cm., and that of the second was 36 cm. 

In the first trial the score of the normal subjects varied from 
O to 417 cm., the median being 31cm. (Q==35.5 cm.). The re- 
tarded subjects varied from 0 to 1252 cm., to the median being 
73 cm. (Q=62 cm.). 

In the second trial the normal subjects varied from o to 
371 cm., the median being 14 cm. (Q==14.5 cm.). The retarded 
subjects varied from o to 376 cm., the median being I5 cm. 
(Q==23.5 cm.). 

In the third trial the normal subjects varied from 0 to 232 cm., 
the median being 7.5 cm. (Q=9.5 cm.). The retarded subjects 
varied from 0 to 1017 cm., the median being 17 cm. (Q==21 cm.) 

The effect of practice is shown by the normal subjects in the 
reduction of the median from 31 to 14 to 7.5 cm. The retarded 
subjects improve from the first to the second trial (73 cm. to 
15 cm.), but show no improvement from the second to the third 
trial (15 cm. to 17 cm.). 

To study the diagnostic value the sum of the scores of each 
subject on each of the three trials was obtained. The sums of the 
scores of the normal subjects varied from 13 cm. to 798 cm., 
the median being 77 cm. (Q==48 cm.). The sums of the scores 
of the retarded subjects varied from g cm. to 2360 cm., the 
median being 121 cm. (Q=83.5 cm.). The Maximum Diag- 
nostic Value was found to be 28% when the passing mark was 
160 cm. 

The test was given 131 times to 11 high school and college 
students. 14% of this group solved the problem in one move, 
33% in two moves, 21% in three moves, 17% in four moves, 
8% in five moves and 8% in more than five moves. The scores 
of these subjects varied from 0 to 94 cm., the median being 6 cm. 
(Q—=4.5 cm.). The scores of the 12, 13 and 14 year normal 
subjects in their 174 trials, varied from 0 to 417 cm., the median 
being 15 cm. (O=16.5 cm.). The maximum difference between 
the adult group and the normal group was found to be 35% when 
the passing mark was I5 cm. 
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The low diagnostic value found for this test (28%) indicates 
that it has little worth in differentiating the higher types of de- 
fect. It may be possible that the test would be serviceable in 
detecting grosser differences. 83% of the normal group and 
73% of the retarded group solved the test in 10 moves or less 
so that the test was well within the ability of the groups. If 
a grosser means of scoring was used the test might detect lower 
degrees of defect. 


Test III. BALANcE TEsT. 


In order to test reasoning without language, a test was de- 
signed in which the subject was required to arrange weights 
subliminally different by means of a balance. The balance used 
was modified from C. H. Stoelting Co.’s Army Prescription 
Balance (catalogue no. 240). The balance was cut down and 
mounted on a new base as shown in plate IB. The weights used 
were five 200 gm. Stoelting Universal Laboratory Weights 
(catalogue no. 445), reduced as follows,— 

no. I no. 2 no. 3 no. 4 no. § 
199.85 gms. 108.75gms. 197.79gms. 196.90gms. 195.87 gms. 

The first test given was to arrange three weights, the second 
five weights. In giving the test the experimenter would pick up 
two weights and say “These weights look alike but one is heavier 
than the other. I can’t tell the difference by lifting them for 
they are too close together. If I want to find out which is the 
heavier I hang them on here this way (hanging the weights on 
the balance). Now which one is heavier?” After the subject 
had designated the heavier, he was given weights nos. 1, 2 and 3 
with the instructions “I want you to put these weights in a row 
with the heaviest one first, then the middle one and then the 
lightest one, weighing them on the balance to find out which one 
is the heaviest, which one is middle and which one lightest.”” For 
the five weight test, the subject was given all five weights and 
told to “Put these in a row with the heaviest one first, and then 
the next, and then the next, etc.”’ 

The test as it stands is not worth standardizing, but it showed 
several suggestions that may be worth following out. The ob- 
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jectionable features to the test were due to the fact that the sub- 
jects were constantly on the alert for other criteria to judge the 
weights than the mere position on the balance. In the first place, 
they would try to sense the difference, and it was possible to 
discriminate between some pairs, although it was unlikely that 
they could be arranged in order. The experimenter would cor- 
rect the subjects if they tried this method and tell them to use the 
balance. Occasionally the subjects would watch the pin and the 
scale, but as the weights were so unlike that one member of any 
pair always rested on the base of the balance, his method gave 
no help. If the subjects used this method they were told that 
it did not help. The third method was that of “watching the 
bounce” as the subjects called it. If weight no. 5 were on one 
side, and weight no. 1 were placed on the other, it would fall 
with greater force than weight no. 4 would in the same position. 
The subjects were also told not to use this method. 

Inasmuch as the test was new the experimenter did not prop- 
erly understand it, and gave the retarded group more credit than 
they deserved. The solution of the three weight problem de- 
pended somewhat on the chance selection of the pairs by the 
subject. Most of the subjects would leave the heavier weight of 
the first pair on the balance and compare the third with this. 
If the subject first compared nos. 2 and 3, and then compared 
1 and 2, the problem was easy. If he first compared 1 and 3, and 
then compared 1 and 2, the problem was more difficult because 
another comparison (2 and 3) was necessary. 

The results of this test are given with the reservation that they 
are not absolutely accurate. 90% of the normal group and 51% 
of the retarded group arranged the three weights correctly, mak- 
ing the diagnostic value 39%. This value should be higher for 
many of the retarded group were given credit for arranging the 
weights correctly even if the method were wrong, t.e., if they 
placed the weights in the right order without making all the 
necessary comparisons. 83% of the normal group and 34% of 
the retarded group arranged the five weights correctly, making 
the diagnostic value of this test 49%. 

The writer has given the five weight test to many intelligent 
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adults, college professors, college graduates etc., and has found 
that the test is much easier for 12, 13 and 14 year normal boys 
than for normal adults. The child sees but one method of 
arranging the weights, that of elimination. He will make all 
the comparisons possible, always leaving either the heaviest or the 
lightest weight on the balance (usually the heaviest). When he 
has compared this one with all the others, he will sometimes try 
all of the other four again to make sure he has the heaviest one, 
and then place it to one side with the remark “There that one’s 
heaviest” or “That one’s king.” He will then proceed through 
the remaining four in the same way, then through the three etc. 
His method is the longest one possible but it is absolutely certain. 
The intelligent adult not only tries to arrange the weights cor- 
rectly, but he tries to do it in the fewest possible number of moves. 
He invents short cuts and tries to remember previous moves 
with the result that he frequently becomes lost in his own com- 
plications. 

The three weight test is more valuable than the five weight 
test and more diagnostic if the conditions are controlled. The 


most important test is to give the subject nos. 1 and 3 for the 
first comparison, and nos. I and 2 for the second comparison, and 
see if he will make the arrangement without comparing 2 and 3. 
In the writer’s experience intelligent children and adults will 
always refuse to make this unqualified generalization, while the 
unintelligent person is ever ready to accept it. 


Test IV. HeEAty Cross-LINE AND CopDE TEsTs. 


The cross-line and code tests described under Tests IX, X and 
XI on pages 28 to 34 of Healy’s monograph were given. The 
procedure was changed somewhat to meet the needs of the re- 
tarded group. The cross-line test A was used entirely as a 
practice test. A large “X” was drawn on the paper before the 
subject and the four numbers filled in. “You see I draw this 
cross and fill in the numbers. Now if I want to make a mark 
that stands for 1, I make it this way (drawing the symbol for 1), 
because the 1 here points that way. Now if I make a mark like 
this (drawing the symbol for 2), what would that stand for?” 
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In this way all four symbols were drawn and the subject prac- 
ticed until he could name them all with the original diagram 
before him. The paper was then turned over and the subject 
required to name the proper digit for each of the marks as they 
were drawn before him in irregular order. If the subject named 
all four correctly, he was marked plus. 

The cross-line test B was given with briefer instructions. The 
figure was drawn before the subject and digits filled in. The 
subject was asked to name the proper digit for the symbols of 
7,5 and 2. After he understood the arrangement he was told to 
study the figure carefully for the paper would be turned over 
and he would be asked to name all the figures. When the sub- 
ject said he was ready, the paper was turned over and he was re- 
quired to name all the symbols as they were drawn in irregular 
order. If he named any wrong, other symbols were given, and 
the wrong ones given later. If the subject named all nine digits 
correctly he was scored plus. The code test was drawn out for 
the subject in the same manner as the cross-line test and the 
system of dots explained. The subject was required to distin- 
guish between the symbols for c and1,t and x. He was then told 
to study the figure, and when he said he was ready, the paper 
was turned and two or three symbols were given for each figure. 
The task was continued till the experimenter was certain that 
the subject could or could not perform the task. If the subject 
failed cross-line test B, he was marked failed on the code test 
without trying it. In this way the three tests were given to all 
the members of both groups. 

98% of the normal subjects passed cross-line test A, 84% 
passed cross-line test B, and 57% passed the code test. 64% 
of the retarded subjects passed test A, 20% passed test B, and 
none passed the code test. The diagnostic value for the first 
test is therefore 34%, for test B 64%, and for the code test 57%. 

Wyatt (81) found rather of a low correlation between the 
teachers’ estimates of the intelligence of a group of 34 boys and 
girls and a cross-line test modelled somewhat after cross-line test 
B, the correlation (0.46, .pe 0.09) standing twelfth in a list of 
fifteen tests. Wyatt’s procedure probably accounts for the com- 


Se eae a 





didi 


- devel 
DE 








186 CARL C. BRIGHAM 


paratively low correlation. After the cross-line test A had been 
drawn on the board of the class-room and explained, the second 
figure was exposed for 20 seconds and the subject required to 
fill in the symbols on a prepared blank. The short exposure 
probably made success in the test depend on visual memory rather 
than on the rational comprehension of the arrangement of the 
figure. This interpretation is supported by the fact that a test 
of memorizing letter squares correlated higher with the cross- 
line test than with any other. 

Healy says of these tests “These three tests are especially note- 
worthy and valuable because their correct performance seems to 
demand mental powers which appear strongest in the normal 
adult mind and which are weakest in mentality of the child 
type” (Page 29). Concerning the cross-line test B he says 
“On account of the readily ascertained differences in performance 
between bright subjects and dull subjects, we have come to re- 
gard the test as extremely valuable” (Page 31). The results of 
this investigation certainly justify Healy’s belief in the value of 
these tests. Only two of the Binet tests show a diagnostic value 
higher than 64%. Haines found the cross-line test B valuable 
in differentiating the not defective from the doubtful. 


Test V. Memory FoR COMMISSIONS. 


Four tests of memory for commissions were used. The 
materials (a penny, key, knife, eraser, book, saucer, small card 
with Ic stamp, small card with 2c stamp, and two penny match 
boxes, one covered with blue and the other with red paper) were 
placed on the table in front of the subject. The following tests 
were used,— 

Test 1. Give me the penny and then put the key in the saucer. 

Test 2. Put the saucer on the book, then put the key in the 
saucer, and then give me the eraser. 

Test 3. Put the eraser in the saucer, then put the penny on 
the book, then turn over the card with the red stamp on it, and 
then give me the blue box. 

Test 4. Give me the red box, then put the eraser on the book 
with your left hand, then put the knife on the blue box, and 
then give me the card with the green stamp on it. 
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The commissions were read twice to the subject. During the 
reading the articles on the table were covered with a card board 
screen. Tests 1 and 2 were given to 95%, test 3 to 93% and test 
4 to 75% of the retarded group. All four tests were given to 
all of the normal subjects. 100% of the normal subjects passed 
tests 1 and 2, 52% passed test 3, and 14% passed test 4. 98% 
of the retarded group passed test 1, 73% passed test 2,22% test 
3, and 2% test 4. The diagnostic value for the first test is there- 
for 2%, for the second 27%, for the third 30% and for the 
fourth 12%. 

Inasmuch as the four tests are of the same sort they may be 
scored together on a scale of 10, each test being weighted ac- 
cording to its difficulty. 99% of all subjects passed the first 
test, 87% passed the second, 37% passed the third, and 9% the 
fourth. The tests were weighted on a scale of ten according to 
the formula, 

reciprocal of per cent. passed x 








sum of reciprocals IO 


This formula gives the value of o for the first test, 14 for the 
second test, 4 for the third test, and 5'4for the fourth test. The 
scores of the normal and retarded subjects were distributed as 
follows, 


No. of points.... 10 6 4% 4 yy 0 
PO Seas a 6 2 24 oO 36 oO 
Retarded ........ oO I 10 2 30 13 


Calculating the percentage passed by normal and retarded 
subjects at each passing mark from o to 10, the Maximum 
Diagnostic Value was found to be 35% when the passing mark 
was 4% points. This value is close to that found for the test 
of repeating digits (30%), and copying designs from memory 
(36%), but higher than that found for repeating sentences 
(23%). None of the memory tests shows a high diagnostic 
value. 

Terman (65) reports “that after the age of 12 or 14 years 
memory for relatively meaningless material, like digits or non- 
sense syllables, improves but little; and that above this level it 
does not correlate very closely with intelligence (page 323). 
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Abelson (1) gave nine tests to 88 backward boys and 43 back- 
ward girls, averaging about 11 years in age, and found that a 
test of memory for commissions showed a higher correlation 
with “practical intelligence” than any of the other tests (.53 for 
girls and .65 for boys). However, he instructed the teachers to 
estimate the “practical intelligence” of the children by consider- 
ing, in forming their opinion, which of the children they would 
soonest trust on an errand requiring the sharpest intellect. The 
correlation found possibly proves that a psychological test of 
ability to run errands correlates with the teacher’s judgments of 
this ability, but proves nothing concerning the relation of this 
ability to intelligence. 


Test VI. DIsTINGUISHING BETWEEN TERMS. 


The subjects were asked to distinguish between three pairs 
of terms, “steam and smoke,” “lie and mistake,” and “laziness 
and idleness.’”’ The questions were asked in the form “What 
is the difference between—?” The answer required for the first 
pair, “steam and smoke,” was that steam came from water while 
smoke did not. If the subject said that smoke was black and 
steam white, they were asked if they. had never seen white smoke. 
The distinction between the second pair required was that a lie 
was intentional and a mistake accidental. It was not required that 
the words “accidental” and “intentional’’ be used, but that their 
meaning implied. For the third pair it was required that the 
subject imply that laziness was due to a subjective condition 
while idleness might be due to accidental circumstances. 

98% of the normal group and 73% of the retarded group dis- 
tinguished between “steam and smoke,” making the diagnostic 
value 25%. 66% of the normal group and 27% of the retarded 
group distinguished between “a lie’ and “a mistake,” making the 
diagnostic value 39%. 45% of the normal subjects and 3% of 
the retarded subjects distinguished between “laziness and idle- 
ness,” making the diagnostic value 42%. 85% of all subjects 
passed the first pair, 46% the second pair, and 24% the third 
pair. Weighting the tests roughly on a scale of 10 in the same 
manner as the commissions test was weighted, the first pair re- 
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ceives a value of 1 point, the second 4 points and the third 5 
points. 1 retarded subject scored 10 points, 15 scored 5 points, 
I scored 4 points, 28 scored 1 point, and 14 scored nothing. 19 
of the normal subjects scored 10 points, 7 scored 6 points, 18 
scored 5 points, 1 scored 4 points, and 13 scored 1 point. Cal- 
culating the percentage passed at each passing mark, the 
Maximum Diagnostic Value was found to be 49% when the 
passing mark was 4 or 5 points. 


Test VII. Sustraction TEsts. 


In an article on the detection of higher grades of mental de- 
fect, W. E. Fernald (26) stated that feeble-minded individuals 
have difficulty in subtracting. A series of 10 subtraction tests 
was devised following the suggestion of Prof. H. C. McComas. 
On account of the time required by the test, only three of the 
tests were continued throughout the experiment. The three tests 
were as follows,— 

Test 1. Subtract 3 from 16 till you get to 7, then subtract 
2 till you get to I. 

Test 2. Subtract 4 from 30 till you get to 10, then subtract 
3 till you get to I. 

Test 3. Subtract 3 from 43 till you get to 25, then subtract 
4 till you get to 9, then subtract 2 till you get to I. 

A preliminary practice test was given in which the subject 
was asked to subtract such figures as 4 from 13, 4 from 31, 3 
from 22, etc. If he could not do these the rest of the test was 
not given. The problems were repeated twice for the subjects. 

98% of the normal group passed test 1, 90% passed test 2, and 
60% passed test 3. 24% of the retarded passed test 1, 17% 
passed test 2, and 7% passed test 3. The diagnostic value for 
the first test is therefore 74%, for the second test 73%, and for 
the third test 53%. The retarded group had great difficulty in 
passing the first problem and even in doing any sort of work in 
subtraction. This ability would of course depend on school 
training, but if the amount of a child’s training is known, the 
results show that this test would be very valuable in diagnosing 
intelligence. The retarded group on an average had been in 
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school over 7 years, yet only 24% of them passed the first test. 
The fact that the experimenter gave himself an opportunity of 
deciding on the basis of the preliminary problems whether or not 
the other problems should be tried, affords an opportunity for 
the influence of the personal equation. It is very possible that if 
the experimenter had exercised more patience in some cases more 
of the retarded group would have passed the easier tests, (nos. I 


and 2), and the diagnostic value been lowered. On this account 


the diagnostic values obtained (74% and 73%) are probably too 
high, but the fact remains that there is a very large difference 
between the normal and retarded groups in their performance on 
these tests. The writer has used simple subtraction problems in 
examining mature defectives and suspected cases of dementia, 
and has found the tests very helpful and suggestive. All in- 
dividuals must do a certain amount of subtracting in their gen- 
eral daily experience in counting change etc. The general cus- 
tom among store keepers of counting the change up from the 
amount of the purchase to the amount of the piece of money 


given is probably evidence that some of their customers have 
difficulty in subtracting.’ 


Test VIII. SUGGESTION By PROGRESSIVE LINES. 


A test of suggestion by progressive lines, modelled somewhat 
after Test 42 of Whipple’s Manual (76)* was used. The ap- 
paratus consisted of 13 cards 4 x 28 cm., each card having a line 
drawn 2 cm. from the left side equidistant from the top and 
bottom. The lengths of the lines on the first six cards were 


10, 20, 30, 40, 50and6o0mm. _ The lines drawn on the last seven 
cards were all 60 mm. in length. The subject was given a sheet 


1In giving the subtraction tests, the writer has met many newsboys who 
can not do problems such as 4 from 22, 5 from 31, etc., but who can make 
change from some of the smaller pieces of money by means of finger count- 
ing systems, etc. The concrete problems are much easier. 

2 The test described by Whipple involves the use of a kymograph which 
is inconvenient. The test was shortened by using 13 lines instead of 20. 
The coefficient of suggestibility used in this investigation is more accurate 
than that given by Whipple because the measure of a subject’s ability to 


reproduce lengths is obtained from six reproductions of lengths instead 
of one. 
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of 2 mm. cross section paper with heavy rulings at each centi- 
meter. The instructions were “I am going to show you cards 
like this, and this (showing card no, 1, and one of the last seven), 
and I want you to draw lines on the paper just as long as the 
ones I show you.” The subject-was shown where to draw the 
lines on the paper, beginning at the left hand margin. The sub- 
ject was allowed to study each line as long as he wanted to, and 
as soon as he started to draw a line and turned his attention to 
the paper, the card was dropped and the next one exposed. 

The suggestion arising from the fact that the first six lines in- 
crease in length will usually cause the subject to increase 
the length of the last seven lines. The measurement of 
the amount of suggestion is made by comparing the increase in 
length of the last seven lines with the measurement of the subject’s 
ability to reproduce the first six lines. The total actual length 
of the first six lines is 210 mm, The measurement of the sub- 
ject’s ability to reproduce lengths is the difference between 210 
mm. and the sum of the lengths drawn. If no suggestion were 
present the length of the last seven lines would be to the length 
of the first six as 420 mm. (the actual length of the last seven) 
is to 210 mm., or the sum of the last seven should be twice the 
sum of the first six. The measurement of the amount of sug- 
gestion is therefore the difference between the sum of the last 
seven lines and twice the sum of the first six. 

The lines drawn by the subjects were measured within 2 mm. 
and the length of each line recorded. The sum of the first six 
(SF) and last seven (SL) lines were then computed and the 
coefficients of accuracy and suggestion computed according to 
formulae explained,— 


Accuracy in reproducing lengths—=SF — 210 
Coefficient of suggestion—2SF — SL 


A coefficient of accuracy with a plus sign indicates that the 
subject over-estimated the lengths, a minus coefficient that he 
under-estimated the lengths. A minus coefficient of suggestion 
indicates the influence of suggestion while a positive coefficient 
indicates no influence or a negative influence. 
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In general the subjects under-estimated the length of the first 
six lines and accepted the suggestion of increasing lengths. One 
subject increased each line one centimeter so that the last line was 
130 mm. in length, over twice the length of the line to be copied. 
The average length of each line was computed for normal and 
retarded subjects. These results are given in Table 13, and are 
shown graphically in Fig. 3. 
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Fic. 3. Results of Normal and Retarded Subjects on Test of Suggestion by 
Progressive Lines 


The normal subjects show the greatest influence of suggestion 
on the 7th and 8th lines, while the suggestion is still fresh. They 
then throw off the suggestion a little on the goth line and 
more on the roth but increase on the 11th and 12th, dropping 
back again on the 13th. The retarded subjects increase to the 
gth and roth, drop slightly on the 11th, increase on the 12th, and 
drop back on the 13th. The sum of the average lengths of the 
first six lines for normal subjects is 181.26 mm., and for re- 
tarded subjects 176.24 mm. The normal subjects underestimate 
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TABLE 13. 


Suggestion by Progressive Lines. 


Average Length and Mean Variation in Millimeters of Each Line Repro- 


duced by Normal and Retarded Subjects. 





Line Actual Normal Retarded 
no. length subjects subjects 
I 10 9.34 (1.12) 9.69 (1.29) 
2 20 17.34 (2.590) 17.19 (3.10) 
3 30 24.79 (3-79) 24.68 (4.88) 
4 40 33.48 (5.38) 32.05 (6.85) 
5 50 43-17 (6.19) 41.22 (8.34) 
6 60 53-14 (7.31) 51.41 (9.83) 
7 60 57.62 (7.69) 55.47 (12.00) 
8 60 57.62 (7.95) 58.56 (12.20) 
9 60 55.90 (7.21) 60.73 (12.56) 
10 60 54.27 (6.31) 60.90 (13.52) 
11 60 55-76 (6.93) 60.15 (15.44) 
12 60 57.17 (7.66) 61.47 (14.78) 
13 60 55.03 (7.61) 57-15 (9.95) 


the length of the first six lines 28.74 mm., and the retarded sub- 
jects 33.76 mm. The sum of the average lengths of the last 
seven lines for normals is 393.37 mm., for retarded 414.43 mm. 
These totals compared to the ability to reproduce the first six lines 
show a coefficient of suggestion for normals of —30.84 mm., 
and for retarded of —61.95 mm. In general then retarded sub- 
jects underestimate the length of the first six lines and over- 
estimate the length of the last seven lines more than normal 
subjects. 

The coefficients‘of accuracy found for normal subjects varied 
from +28mm. to —92mm., the median being —30 mm. 
(Q==23 mm.). The coefficients of accuracy for retarded sub- 
jects varied from +54 mm. to —112 mm. the median being 
—24 mm. (Q=29 mm.). The Maximum Diagnostic Value was 
found to be 19% when the passing mark was taken at —50 mm. 

The coefficients of suggestion found for normal subjects varied 
from +50 mm. to —210 mm., the median being —26 mm. 
(Q==22 mm.). The coefficients of suggestion found for re- 
tarded subjects varied from +86 mm. to —342 mm., the median 
being —56 mm. (Q=—45 mm.). The Maximum Diagnostic 
Value was found to be 28% when the passing mark was—74 mm. 
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The diagnostic value found for the Binet line suggestion test 
was 12%, and this value taken in connection with the maximum 
diagnostic value shown by this test (28%) is fairly conclusive 
evidence that the correlation between intelligence and suggesti- 
bility is not very high, and that tests of suggestion have little 
value for diagnostic purposes. 


Test [X. EsTIMATION OF LENGTHS. 


A test of estimating lengths was arranged after the sugges- 
tion of Prof. H. C. McComas for obtaining a simple intellectual 
judgment on sensory material. Four lines were drawn on each 
of tencards 12x 7%cm. The top line was in all cases 100 mm. 
in length. The other lines were of lengths such that two of them 
if combined would be equal in length to the standard line. Ten 
cards were used, graded in difficulty so that the error of the 
wrong combinations varied from 25 mm. to 5 mm. The lines 
were drawn equidistant from the sides of the cards. Two of the 
cards (nos. I and 7) are shown in Fig. 4. 

In giving the test the cards were presented in order. The in- 
structions were “Here is a card with a long line at the top and 
three other lines here. Two of these lines if put together will 
make the top line. Which two lines would you put together to. 
make the top line?’ After the subject had judged the first card, 
whether he answered right or wrong, the lines were measured 


TABLE 14. 
Estimation of Lengths 
Length of Lines Judged and Percentage of Correct Judgments. 


Card Length in mm. Per cent. Per cent. 
no. of lines no. passed by passed by 
I 2 3 normal retarded 

I Ss wee 88 71 
2 i 5 98 86 
3 90 70 30 76 64 
4 70 30 10 100 81 
5 Ss Poe 60 54 
6 80 «665 — 35 57 47 
7 60 40 30 93 75 
8 70 60 40 4! 29 
9 Ss eo - 28 29 
10 60 55 45 21 10 
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Fic. 4. Estimation of Lengths Test. 
off on a piece of paper, added together, and compared with the 
standard in order to illustrate the principle of the test. The sub- 


ject was allowed all the time he desired to make the judgments. 
The measurements of the lines on each of the ten cards, and the 
per cent. of correct judgments on each card are shown in table 14. 
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From table 14 it may be seen that the difference between nor- 
mal and retarded subjects is not more than 19% on any one set 
of lines. Scoring the test as a whole by counting the number of 
correct judgments in ten, the record of the normal and retarded 
subjects was as follows: 


no. of correct judgments 
§ £558 we oe eee a ee ee 
Normal ........ 0 OS ek ee ae a 
Retarded 0 4 Obe:. 2 oe sc SBS 
Calculating the percentage that would have passed had the pass- 
ing mark been fixed at any point, the Maximum Diagnostic Value 
was found to be 35% when the passing mark was 7 correct judg- 
ments in 10. 
Test X. CLaAss-Room REASONING TEsT. 


A special test was designed to involve reasoning ability. The 
test included seven questions with two to four sub-questions un- 
der each. The questions varied greatly in difficulty so that the 
test could be given to a wide range of subjects. A special blank 
was prepared with questions printed on both sides of a paper 
22 x 26cm. Places were marked at the top of the test blank 


for the subject to fill in his name, school, grade, the date, and the 


date of birth. The directions printed at the top of the blank 
were as follows: 


Write your name, school, grade, date of birth and date in the 
places marked at the top of the paper. 

Answer each of the questions below in one or two words. 
Write your answer in the place marked “Answer” like this: 

a. When are days warmer, in February or June? 

Answer—J tne. 

b. Is it because the sun’s rays are slanting or straight at that 
time? 

Answer—Straight. 

All the questions may be answered in one or two words, such 
as “Yes,” “No,” “Right,” “Left,” “Not necessarily,” “Wrong,” 
etc. 

Under each question a space was left after the word 
“Answer—.” The questions asked were as follows: 
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I, a. When are days the longer, in January or in July? 
b. Is it because the sun rises earlier or later? 
2, a. If anything floats in water, is it lighter or heavier than 
water? 
b. If a thing is heavier than water, will it float or sink? 
c. If a thing floats in air, will it float in water? 
d. If a thing sinks in air, will it sink in water, too? 
a. Where is the sun in the morning, North, West, East or 
South? 
b. If you face the South, will the West be on your right 
or your left? 
c. If you face the North in the morning, which side will 
your shadow fall on, your right or your left? 
4, If you put a stick in the water on a slant, it will look as if 
it were bent upwards. 
a. If you were going to spear a fish from the side, would 
you aim above or below the fish? 
b. Why? Is it because the fish seems to be above or below 
the place where he really is? 


3» 


5, a. When are shadows longer, in summer or in winter? 
b. Is it because the sun is farther North or farther South? 


6, Supposing a clock starts running backwards at six o'clock. 
a. In six hours, will it tell the right or the wrong time? 
b. In twelve hours and a half, will it tell the right or the 
wrong time? 
Supposing another clock starts running backward at half 
past six. 
c. In six hours and a half, will it tell the right or the wrong 
time? 
d. In twelve hours will it tell the right or the wrong time? 
7, Water and cream both float on milk because they are lighter 
than milk. Water is heavier than cream. 
a. Will cream float or sink in water? 
b. If a thing floats on milk, will it float on water? 
c. Supposing something sinks in cream, will it sink in milk? 
d. Will a thing float on water if it floats on cream? 
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Questions Ia, 1b, 2a, and 5a were taken from questions 1, 4, 
7 and 9 of set a, test IIIB of Bonser’s (12) list of tests. The rest 
are new. The test was given individually and as a class room 
test. When given individually, the experimenter would give the 
subject a paper and read the instructions to him. The experi- 
menter would then read each question and record the subject’s 
answer, the subject in each case having a paper so that he might 
read and follow the experimenter. When given as a class room 
test, the teacher of the room would distribute the papers and tell 
the class to read the instructions and start to work. Any ques- 
tions asked were referred to the instructions. As the children 
finished, they would bring their papers to the teacher who would 
glance over them to see that all the questions had been answered. 
If any questions were unanswered, the children were made to re- 
turn to their seats and fill them in. No time limit was set in 
either the individual or group testing. The subjects were al- 
lowed all the time necessary. The test very rarely took over 
20 minutes. The subjects were told that they might look at a 
clock or watch for question 6. The class-rooms had clocks on 


the walls, and the experimenter showed the individual examinees 
his watch. 


The test was given ‘individually to 56 members of the retarded 
group. It was given as a class-room test to all the children in the 
seventh and eighth grades of the Franklin School in Trenton, 
and to a class of college juniors and seniors in Princeton. The 
experiment at the Franklin School was conducted by the depart- 
mental teacher of geography who followed the instructions care- 
fully. The experiment on college juniors and seniors was con- 
ducted by the professor in charge of the course with the assist- 
ance of the writer. 

The age and grade distribution of the seventh and eighth grade 
girls is as follows: 

Age 


II 12 13 14 15 16 Tot. 
Grade VII 18 24 8 4 2 


Grade VIII 2 15 19 15 I 52 
The age in grade distribution of the seventh and eighth grade 
boys is as follows: 
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Age 

II 12 13 7 a ee: 
CeO VE iy vaerccescns hee a x 74 
GE VE fecdiinncdacs 3 12 15 ae 


The average age (at last birthday) of the seventh grade giris is 
12.87 yrs. (MV=0.87 yrs.), of the eighth grade girls 13.98 yrs. 
(MV=0.67 yrs.), of the seventh grade boys 13.07 yrs. 
(MV=o0.79 yrs.), of the eighth grade boys 13.70 yrs. 
(MV=o.74 yrs.). The seventh and eighth grade boys included 
53 members of the normal group. 

The age distribution of the 41 college juniors and seniors was 
as follows: 


SE do «ati edokas 19 20 21 22 23 24 Tot. 
No. of subjects.. 1 II 12 14 2 I 41 


The average age of the college students was 21.20 yrs. (MV= 
0.86 yrs. ) 

The results were calculated for each group on each question. 
In 18 of the 21 questions the right and the wrong answers were 
given in the questions. Questions 2d, 7b and 7c had only one an- 
swer possible, “Not necessarily’ or some equivalent such as “Not 
always.” “Sometimes” etc. Question 3a had four possible 
answers, so that 25% could answer correctly by chance. The 
remaining 17 questions could be passed by 50% by chance. The 
results were also calculated for combinations of parts of ques- 
tions. One half of the subjects could pass either part of question 
1, by chance, but only one fourth could answer both parts cor- 
rectly. The scores were calculated for passing all parts of ques- 
tions I, 3, 4, 5, and 6, for parts a and b of question 2, for parts 
a, b, and c of questions 2 and for parts a and d of question 7. The 
chances are I out of 4 for passing Iab, 2ab, 4ab, 5ab and 7ad, 1 
out of 8 for passing 2abc, and I out of 16 for passing 3abe and 
6abed. 

The results are shown in table 15 for each question and for 
the various combinations of questions as passed by the retarded 
and normal groups, by seventh and eighth grade boys and girls 
and by college adults. 

If the personal equation figured in the results of this test it 
could only affect the retarded group as the test was given to all 
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TABLE 15. 
Per Cent. that 322 Subjects Passed Reasoning Tests. 


Retarded Normal Grade VII Grade VIII Grade VII Grade VIII Adults 
group. group. boys. boys. girls. girls. 
No. of subjects 56 53 74 37 62 52 
Test 
Ia 64 
Ib 71 
tab 46 


2a 82 
2b 96 
2c 52 
7 

80 

46 


fe 
oad 


95 100 go g2 
89 85 85 
85 89 82 83 


97 79 94 
95 100 84 92 
76 84 60 50 
15 16 Il 29 
g2 97 74 g2 
70 81 47 46 
45 95 87 87 
48 81 50 63 
52 81 61 60 
18 73 39 37 
41 62 52 50 


21 SI 42 35 
II 38 21 17 


16 51 40 56 
54 70 54 
3° 25 


81 75 
54 52 
46 44 

65 


REE RRS BBE 


8 


BNF ABISBs SSS 


4 
27 
63 
54 
63 70 
5 27 19 
66 73 77 
) 5 8 
0 II 12 
66 97 75 
48 75 73 65 


98 
100 
98 
83 
88 
80 
78 
56 
46 
95 
85 
78 
88 
66 
85 
76 
68 
76 
66 


other subjects in classes. If a question is too difficult for a 
group the percentage passed should at least approximate that ex- 
pected by chance. According to chance 50% of all subjects should 
pass a question with two alternatives such as 5a. Table 15 shows 
that only 16% of the retarded group pass this test, so that it is 
fair to assume that this question was weighted against the subject 
in some way. Only 21% of the retarded subjects pass question 
4b and only 27% of that group pass 6a, it being legitimate to 
expect 50% by chance. If there is anything in the form of the 
question, any popular misconception, or any other constant factor 
that would tend to make the wrong answer appear more fre- 
quently, the same question should show a deviation in the same 








DIAGNOSTIC VALUE OF MENTAL TESTS 201 


direction in the results of the other subjects. Minus deviations 
of 8% and 15% occur in the results of seventh and eighth grade 
girls on question 4b, and of 10% in question 5a. Minus de- 
viations occur in the results of the groups to whom the test was 
given in class, but in no case are these deviations more than 15% 
below that expected by chance. It is right to assume then that 


questions 4b, 5a and 6a were influenced by the — equation 
of the experimenter. 


The test was given individually to the retarded group by the 
writer who is positive that there was no conscious intention to 
throw the results one way or another. However it seems 
legitimate to assume that there was something in the way the 
questions were read, a slight stress of the voice on the wrong 
alternative, a factor not consciously analyzable by the experi- 
menter but one that was strong enough to throw the results in a 
definite direction in the long run. If this is not the case, and a 
minus deviation of 34% may still be attributed to chance, it is nec- 
essary to assume that a plus deviation of 34% may also be due to 
chance. Or again, if the experimenter unconsciously forced the 
results against the subjects in some questions, he might have 
favored the subject in others, and if 34% is the magnitude found 
in one direction, it is fair to expect an equal devitation in the 
opposite direction. The results of the retarded group are above 
84% in only one question, 2b. It is therefore necessary to dis- 
card all the results of the retarded group on this test. No com- 
parisons can be made with the normal group, and no indication 
obtained of the diagnostic value of these tests for the normal and 
retarded groups. 

The comparison of sevénth and eighth grade boys and 
girls shows slight sex differences in favor of the boys. Com- 
paring the differences between the results of the sexes in both 
grades in all tests scored individually and in combination 
(58 comparisons), the median is 7.5% (Q==6.5%) in favor of 
the boys. The differences. are 20% or higher in 17% of the 
cases, and higher than 30% in 3% of the cases. The largest dif- 
ferences are in favor of the boys in question 2abe and 3abe. 

The comparison of the results of seventh and eighth grade 














= iy ‘ < . : 
‘ieee cmyetenttrfpnntatinatent erica ero re cmaacentty tiens cna pevmmcieiilbns ttn wdtvitiiencagis ie - aed 
- eo 4 
Eston 


202 CARL C, BRIGHAM 


boys and girls (range of ages from 11 to 16) with the results of 
college adults (range of ages 19 to 24) affords some indication 
of the value of these tests in differentiating adolescents from 
adults. Tests 7ad, 1ab, 2ab, 2abe and 3abe are too easy for 
adolescents to afford any diagnostic value. Test sab is ap- 
parently too difficult for adults and therefore worthless. Test 
6abed is rather hard for adults. The subnormal group might 
have guessed the answers to the clock questions, but the writer 
is certain on the basis of the individual examinations, that very 
few could figure the answers out. This ability seemed uniformly 
present in college adults, the mistakes being due to carelessness. 
Of the 164 questions in this test answered by college adults, 87% 
of them were answered correctly. Of the goo questions in this 
test answered by the seventh and eighth grade boys and girls, 
59% were answered correctly, only slightly better than the 50% 
to be expected by chance. If the question had been worded 
“What time would it be?” or the test arranged to bring out this 
factor, the diagnostic value of the test would probably have been 
demonstrated. Test 4ab seems to show considerable value in 
differentiating adolescents from adults. This test is passed by 
28% of the seventh and eighth grade subjects, 25% being ex- 
pected by chance, and is passed by 80% of the college adults. 

‘The greatest differences between the adolescent and adult 
groups are shown in questions 2d, 7b and 7c, all of which involve 
the answer “not necessarily.” The child almost always answers 
“ves” or “no” to these questions. It would seem from this that 
the child is willing to generalize too easily. The adult generally 
refuses to make an unqualified generalization. The child stum- 
bles into it. This same factor appeared in the test of arranging 
three weights by means of a balance. Tests involving this factor 
would seem to be worth developing in the extension of measur- 
ing scales upwards. 

It is interesting to note that Martin (44) finds this same type 
of response a valuable test for the upper years. Martin applied 
the Binet and DeSanctis tests to 212 normal children and 150 
feeble-minded children. She noted the character of the re- 
sponses of the subjects to questions 6a of the De Sanctis series 
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(“Are large things heavier or lighter than small things?” ), which 
was intended as a preliminary question to 6b (“How does it hap- 
pen that sometimes small things are heavier than large things?”’). 
It was found that children of the higher “mental ages” tended to 
qualify their statements by saying “that depends on the material,” 
“large things are usually heavier,” or by such words as “many,” 
“sometimes,” “often,” etc. 

Martin found that 24% of the 21 feeble-minded subjects of 
“mental age” 10 and 20% of the 10 normal subjects of the same 
“mental age” gave qualified answers. Only 2 of the 9 normal 
and feeble-minded subjects of “mental age’ 11 failed to give 
qualified answers. The test was also given as a class-room test 
in several school grades. 27% of the children in the fourth 
grade, 68% of those in the fifth grade, and 81% of those in 
the sixth grade gave qualified answers. Martin concludes that 
“Tf note is made of the qualified answers, it would seem that the 
question is quite valuable in itself and might be used among the 
tests for the upper years.” (page 102) 

Inasmuch as questions 2d, 7b and 7c of the present investiga- 
tion are obviously too difficult for seventh and eighth grade chil- 
dren, and Martin’s data show that the qualifying response to 
question 6a of the De Sanctis series is well within the ability of 
the fifth and sixth grades, it would seem that the intellectual 
level is indicated by the refusal to make an unqualified generali- 
zation from given material rather than by anything in the nature 
of the process itself. The level is apparently indicated by the 
refusal to make a certain generalization, not by a change in the 
character of the reasoning process itself. 

The form in which the whole reasoning test was given is un- 
satisfactory for individual testing. The method in which the 
right and the wrong answers are given is valuable for a class- 
room test for it saves time. The large number of subjects that 
may be obtained by the method shows whether an ability is 
present or absent. One can never tell however whether an in- 
dividual child has not guessed the answer. There is no reason 
why the form of the questions should not be changed, and the 
tests used to bring out the factors found valuable in differentia- 
ting adolescents from adults. 
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SUMMARY OF SUPPLEMENTARY TESTS. 


The list of supplementary tests used arranged in the order of 
their diagnostic value is shown in table 16. 


TABLE 16. 
Diagnostic Value of Supplementary Tests. 
% passed % passed Diagnostic 
normal retarded value 
Subtraction Test no. 1* 24 74 
r " , 17 73 
? 7 53 
Healy Cross-Line Test A 64 
‘“ “ 20 64 
0 57 
5! 39 
5 weights* 34 49 


Distinguishing between Steam and Smoke* 


“ “ 


~ 


areas oun Pe € ' 
cr a. fe 
ty wd 
anes aiig 6 e 
. * —_ ae 2 mee 
creep ely noncantmaeatitnes Nene Atami inet wteemmoiannn ae ne - . 
i + ‘ pilin nha open ween ty ot way tae - 
eae - tas r ut % ‘ ] . 
PPT learner titres ox si a ’ 
a Semaine ae ew . ra Tse 
- rr . m Pge 


fo 


= Code Test 
ee De: SOR... .. . ciehuvasdadeeuns a ucenee 


“ ‘é 


~ ar a A ra . “ 
: PO 
4 =? : ay c i 
ae eee ream abelian gee acto necmontanm + nines 
7 ‘i Saraafain cana ene aiaih 
a sat 3 ah MIE ‘ 
aS a aes at SNE A oe eggs Sob sas A. 
ose, ae ? 5 - - cs 


73 25 
Lie and Mistake 27 39 
Laziness and Idleness.......... 45 3 
Weighted score on all three pairs (Max. diag. value) 
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Memory for Commissions. Test 1* 98 2 
7 - . Test 2* 73 

Test 3* 5 22 

Test 3* 2 

Weighted score on all four tests (Max. diag. value) 


“ “cc “ 


“ &é “cs 


Puzzle Tests. 
Healy Construction Puzzle A 


“c “ “ 


Bicycle Bell Puzzle A* 


“ iti ‘“ 


Puzzle A 


“ 


Lifting the Table Asymmetrically Balanced* 


Suggestion by Progressive Lines 
Influence of Suggestion 
Accuracy in Reproducing Lengths 


Note.—Tests marked with an asterisk* are new. 











VII. CORRELATION OF ABILITIES WITH AGE 


The essential feature of all quantitative measuring scales of 
intelligence is that they relate the total score of the individual 
to his age. The measure of the individual's intelligence is the 
relation between his performance and the average performance 
of other children of his own age. The various Binet scales and 
revisions compute the total score of the individual in terms of 
his “mental age.” The difference between the “mental age” and 
the chronological age is used as a quantitative measure of in- 
telligence. A variant of this measure is that obtained by dividing 
the “mental age” by the chronological age, the resulting “mental 
quotient” or “intelligence quotient” serving as a quantitative 
measure—a method advocated by Stern (62) and used very 
largely by Terman (65). Still another quantitative measure of 
intelligence is that used by Yerkes and his co-workers (82), in 
which the total score of the individual in a group of tests is re- 
ferred to the averages of the scores of groups of similar in- 
dividuals of different ages. The score of the individual com- 
pared to that of other similar individuals gives the “mental age” 
which compared with the chronological age will give the “mental 
status” (age difference) or the “coefficient of intellectual ability” 
(mental quotient) as quantitative measures. 

If intelligence is measured in terms of age, the correlation of 
the tests with age should throw light on the correlation of the 
tests with intelligence. When we say that tests are diagnostic of 
intelligence, do we mean that they are diagnostic of age? Are 
those tests that show the most rapid growth with age those that 
have the highest value in differentiating groups of different in- 
telligence? From the results of this investigation and that of 
Chotzen it is seen that different tests have different diagnostic 
values. The comparison of these results with results showing 
the growth of the abilities with age should throw light on the 
problems mentioned. 

Results showing the correlation of the test abilities with age 
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are influenced by the error due to incomplete data. As far as 
the writer knows, Yerkes’ results are the only ones that are free 
from this influence, for under the conditions of the application 
of the point scale, all of the tests must be given to all of the 
subjects. The present writer has therefore incorporated an 
analysis of Yerkes’ data bearing on the problem of the relation 
between the individual tests and age. 

In tables 30 and 32, (pages 123 and 125) Yerkes gives the 
results of 468 English speaking boys and girls from 4 to I5. 
The run of the 449 subjects from 5 to 14 is as follows: 
Chronological ages 5 6 7 8 9 10 II 12 13 14 
No. of subjects 28 55 48 47 43 53 55 #9 43 37 
The present writer has combined these data into five groups, 5 
and 6, 7 and 8, 9 and 10, 11 and 12, and 13 and 14. In table 
17 the results of each group are given on each test, the results 
being expressed in the form of the per cent. that the average 
number of points scored by each group is of the total number of 
points possible. 

TABLE 17. 


Growth of Abilities with Ages. 
Per Cent. of Points Scored by Children of Various Ages. 


Test. 5&6 7&8 o&10 r1&12 13&14 
1. Repeating sentences ................. 64 65 67 74 71 
2: SP COTES oc boise See cee 53 63 72 79 84 
9. “HR IS 6 ono cose Seeeucden 55 65 73 80 84 
4. Comparing lines and weights......... 51 67 86 97 100 
5. Copying diamond and square........ 28 SI 76 82 93 
6. Defining concrete terms.............. 36 47 65 74 78 
7. Aesthetic comparison ..............+. 68 87 99 100 100 
8. Indicating omissions in pictures...... 57 75 88 97 98 
OD, I IED ono 0 ddvdkbieesicedens 14 26 52 72 83 
10. Comparing remembered objects...... 19 48 80 92 95 
11. Counting backwards ................ 14 59 97 98 09 
12. Comprehending difficult questions.... 11 24 43 60 80 
13. Using three words in a sentence...... I 8 57 77 84 
14. Arranging five weights.............. 21 53 79 g2 89 
15. Detecting absurdities ................ I 12 33 50 69 
PEPER OT ECT Pore e 31 46 64 76 83 
16a. Length of letters.................00 0 9 30 49 64 
17. Defining abstract terms.............. 0 0 21 43 67 
OD. “FE hak ckcci's dc cckeneumeuees 2 9 25 38 52 
19. Drawing designs from memory...... 5 13 32 54 63 
20. Reconstructing dissected sentences... 0 I 29 45 68 
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An examination of table 17 shows that the tests differ greatly 
in the rate of growth with age. The growth of the ability to re- 
peat sentences, for instance, is represented by 64%, 65%, 67%, 
74% and 71%, while at the other extreme are tests such as the 
test of counting backwards in which the growth is 14%, 59%, 
97%, 98% and 99%. Further study of table 17 shows a high 
degree of similarity in the results of some tests. Take for in- 
stance tests 10 and 14 


10. Comparing remembered objects 19% 48% 80% 92% 95% 


14. Arranging five weights........ 21% 53% 709% 92% 8% 
or tests 6 and 16 

6. Defining concrete terms........ 36% 47% 65% 74% 78% 

16. Resisting suggestion ........... 31% 46% 64% 76% 83% 


or tests I, 2 and 3. 


The similarities in the growth of the various tests are more 
easily shown graphically. In Fig 5 the writer has drawn the 
giaphs of the various tests, having classified them roughly ac- 
cording to the similarities shown. All of the percentages were 
taken from table 32 (page 125), except that for test 2 age 5 which 
is obviously a misprint (38.7 instead of 48.7). The wide 
variation in the growth of abilities with age is clearly shown in 
Fig. 5. Tests 10, 11 and 14 show a very rapid growth, which 
is in marked contrast with that shown by tests 1, 2 and 3. Tests 
g and 13 show very nearly as rapid a growth as tests 10, 11 and 
14, but the growth occurs for the most part between 8 and I1 or 
somewhat later -than the abilities in the first group which are al- 
most completely developed at 9. Test 5 shows a slope somewhat 
more gradual than tests 9 and 13, but slightly sharper than tests 
4, 7 and 8 which are extremely easy for younger subjects. Tests 
I2, 15, 16a, 17, 18, 19 and 20 show considerable similarity. 
Test 12 is the easiest of the group and test 18 the hardest. Test 
16a shows considerable variation, and as this was an extra test, 
it is possible that it was not given all the possible number of times. 
The slope of the curves of these seven tests is similar to that of 
tests 4, 7 and 8, but the abilities develop very much later, being 
hardly better than 25% at 8, having the fastest growth between 
It and 12 and scarcely reaching 75% in any test. The slope 
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of the curve for test 18 is more gradual than that of the other 
six tests, and probably coincides more closely with that of tests 
6 and 16 which in turn have a more rapid growth than tests 
I, 2 and 3. 

Test 1 consisted of three sentences, one of 5 words (part a), 
one of 10 words (part b), and one of 18 words (part c), two 
points being awarded for the correct repetition of each. The ex- 
planation of the fact that test 1 shows practically no growth is 
given by Yerkes. “According to the results of our analysis of 
data, this test is eminently unsatisfactory, because parts (a) and 
(b) are so easy that even the four- or five-year-old child has 
little difficulty with them, whereas part (c) is so very difficult that 
only a few of the children among the 750 examined obtained 
credit for it. Such being the case, it is obvious that the score 
for this test cannot increase either markedly or regularly with 
increasing age’ (page 128). In revising the scale, Yerkes 
changed the third sentence to 20 words, and added another of 
15 words, giving credit of I point for repeating 5 or 10 words, 
and 2 points for repeating 15 or 20 words. With this system 
the growth of the test with age should be more rapid. 

Yerkes finds nothing wrong with test 3. “Test 3 (Memory 
span for digits) has proved eminently satisfactory, and we see 
no reason for making other change than in position” (page 129). 
Comparison of the curves for tests 1 and 3 in Fig. 5 shows that 
test 3 is hardly more satisfactory than test 1. Test 3 consists of 
five parts, repeating 3, 4, 5, 6 and 7 digits, one point being al- 
lowed for the successful repetition of each. The lack of growth 
is evidently due to the same cause as test 1. The smaller num- 
bers of digits are too easy, and there is little opportunity to 
differentiate superior ability. In curve A3 the writer has inserted 
a graph of the average of the percentages given for non-selected 
Princeton boys and girls shown in table 13 of the first study 
under the discussion of sex differences (page 73). This test 
was weighted on a scale of six points, three points being awarded 
for repeating 7 digits, two points for 6 digits and one point for 
5 digits. The advantage of this method of weighting tests ac- 
cording to their relative difficulty is obvious from comparing 
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curves A3 and 3 in plate IX. One method gives a differential 
measure of growth, the other does not. 

It is fair to reason from a demonstrable error in tests 1 and 
3 toa similar error in test 2. The three Binet pictures are shown 
in test 2, I point being allowed for enumeration, 2 points for 
description and 3 points for interpretation for each picture. The 
procedure in giving the test (“Look at this picture and tell me 
about it”) was designed to avoid the response by enumeration 
suggested by the word “what,” so that the diagnostic value of 
the test should in all probability be higher than that in the Tren- 
ton investigation. The lack of growth in the test is probably 
due to the fact that the gradations of response are not weighted 
according to their relative difficulty. Any child able to talk is 
able to enumerate, and this response hardly deserves credit. The 
present writer weighted the digits tests 1, 2 and 3 points because 
Goddard placed them in years VIII, X and XII. On the same 
line of reasoning, the three responses to the picture test would 


_ have the relative weight of 1, 3 and 7 rather than 1, 2 and 3, for 


they appear in III, VII and XV. This method is however en- 
tirely arbitrary, and it is a very simple matter to weight tests em- 
pirically according to their difficulty as shown in the discussion 
of the commissions test in the preceding chapter. If the three 
parts were weighted on a scale of 9 according to their relative 
difficulty as found in the Trenton investigation, the value for 
enumeration would be o,. for description 2 and for interpreta- 
tion 7. With Yerkes’ procedure in which enumeration is not 
suggested and description therefore easier, the relative weight 
of description and interpretation would be nearer 1 to 4 
than 2 to 3. 

The definitions test was given to 66 non-selected boys and 
girls age 6 to 7, and 50 non-selected boys and girls age 9 and 10 
in Princeton, and to the normal and retarded 12, 13 and 14 
year subjects in Trenton, the procedure and method of scoring 
being the same. The test of defining in terms of use was passed 
by 89% of the 6 and 7 year subjects, 96% of the 9 and Io 
year subjects, and by all of the Trenton retarded and normal 
subjects. The test of defining in terms superior to use was 
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passed by 21% of the first group, 34% of the second group, 
and by 84% of the Trenton normal group, the performance 
of the retarded group (33%) being about the same as that of 
non-selected g and 10 year subjects (34%). Curves drawn 
for these three points are shown under Ar and A2 in Fig. 5. 
The test of defining in terms of use is probably as easy as test 
7, while the test of defining in terms superior to use would 
seem to approach test 12 in difficulty. Curve 6 might be the 
resultant of two tendencies such as illustrated in curves Ar and 
A2. Yerkes gives 1 point for definitions by use and 2 
points for definitions superior to use, 4 words being used. If 
the tests were weighed according to their difficulty, the propor- 
tion would be nearer 1 to 8 than 1 to 2. The effect of im- 
proper weighing is to obscure a real correlation with age. 

The relations indicated by the growth of the other abilities 
are fairly definite. The test which shows the most rapid 
growth (test 11, counting backwards) was shown in the first 
section to depend upon school training. The curve of this test 
is not very different from the curve of tests 11 and 14 (com- 
paring remembered objects and arranging five weights). It 
would seem that these tests were very valuable for indicating 
growth from 5 to 9, but as the abilities are practically developed 
at 9, they are useless as differential measures above this age. 
In the present investigation it was found that the five weight 
test was worthless for differentiating normal from retarded 
subjects, but there was reason to suppose that the test given 
to younger subjects would be diagnostic. 

The test of constructing a sentence from three given words 
(test 13) shows a very rapid rise between 7 and 10 (60%) 
and a very much slower growth from 10 to 14 (23%). Yerkes 
gives credit of 2 points for a compound sentence and 4 points 
for a simple or complex sentence. His results indicate that 
very few children below 9 can construct a sentence at all. The 
part of the test that reveals the real growth is the mere con- 
struction of any sort of a sentence, the relative merits of the 
sentences constructed showing much less differentiation. This 
test needs checking up, for in the Princeton study there was 
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reason to suspect that the ability to construct any sort of a 
sentence possibly depended on the training of the third grade. 
The dependence of a test on school training may possibly be 
indicated by the rapidity of the growth of a test with age. 
Test 11 certainly shows a very rapid growth. Test 20 (dis- 
sected sentences ) which depends partly on school training shows 
no growth till 9, a sharp rise at 9, but above this age agrees 
closely with other tests. This criterion of suddenness of growth 
is however very uncertain, as many other tests that have been 
shown to be independent of school training also show a very 
rapid growth. The proof of the presence of school training 
can only be shown by an analysis similar to that made in the 
first study. 

It is probably not possible to reason from the rapidity of 
growth to the relative diagnostic value of the tests in a definite 
way. The curve of test 16, (the line suggestion test) which 
was shown to have a low diagnostic value is somewhat flatter 
than the curves of tests 12, 15, 20 etc., but this is an indefinite 
criterion. Asa matter of fact the curve for test 16 shows two 
phases. There is a growth of 24% from 5 to 9, a growth of 
26% from 9g to 10, and a maximum growth of 10% above Io. 
Yerkes gives credit of one point for each resistance, defining 
a “resistance” as saying “the same’, or “equal”, or for point- 
ing to the left instead of to the right in the case of each of 
the last three pairs. In the present investigation this latter 
type of response was taken to indicate the influence of sugges- 
tion, a difference of procedure which probably accounts for the 
fact that the Trenton normal group resisted but 33% of the 
possible suggestions, while Yerkes’ 12, 13 and 14 year sub- 
jects resisted 81%. Two characteristic responses to this test 
were pointed out (see page 56), the suggestion error and the 
discrimination error. It may be possible that subjects below 
10 fall into the suggestion error, while those above Io fall into 
the discrimination error. The character of the curve would in- 
licate a change in the character of the response, or a change 
in the procedure in giving the test. 
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The comparison of the curve for test 18 (analogies) with 
that of test 12 (Comprehension) would show that the former 
was less useful than the latter in differentiating the intellectual 
growth from 5 to 14. Inferences from the slope of the curve 
to the diagnostic value are however uncertain. The design test 
was found to have a lower diagnostic value (36%) than the 
comprehension test (71%), dissected sentence test (71%), or 
the absurdities test (51%), yet the character of the curves for 
tests 12, 15, 19 and 20 are very much the same. The diagnostic 
value of the tests necessitates other evidence than that from 
the growth of the abilities, in the same manner as the demon- 
stration of the presence of school training needs other evidence. 
However, it is perhaps possible to obtain corroboration of the 
diagnostic values found by comparing the performances of 
children of different ages. 

It was noticed that the performance of the Trenton sub- 
normal group on the test of defining in terms superior to use 
was comparable to the performance of the 9 and Io year non- 
selected Princeton subjects. Inasmuch as intellectual defect 
is usually regarded as a slowing up of mental development, 
the comparison of non-selected subjects age 9 and 10 with 
non-selected subjects age 13 and 14 might possibly throw some 
light on the relations found by comparing 12, 13 and 14 normal 


and retarded subjects. In the latter case the question was— 
what tests differentiate normal subjects of 12, 13 and 14 from 


retarded subjects. of the same age? In this case the question 
is—what tests best differentiate children of 13 and 14 from 
children of 9 and 10? The comparison may readily be made 
by subtracting the third from the fifth column of table 17. 
The list of tests in the order of their value in differentiating 
13 and 14 year subjects from 9 and Io year subjects is as 
follows: 


46% No. 17. Defining abstract terms. 

39% No. 20. Reconstructing dissected sentences. 
37% No. 12. Comprehending difficult questions. 
36% No. 15. Detecting absurdities. 

34% No. 16a. Length of letters. 
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31% No. 9. Naming words. 

31% No. 19. Drawing designs from memory. 
27% No. 13. Using three words in a sentence. 
27% No. 18. Analogies. 

19% No. 16. Line suggestion. 


17% No. 5. Copying diamond and square. 
15% No. 10. Comparing remembered objects. 
14% No. 4. Comparing lines and weights. 
13% No. 6. Defining concrete terms. 
12% No. 2. Describing pictures. 
11% No. 3. Repeating digits. 
10% No. 14. Arranging five weights. 
10% No. 8. Indicating omissions in pictures. 
4% No. 1. Repeating sentences. 
2% No. 11. Counting backwards. 
1% No. 7. Aesthetic comparison. 


For 13 of these tests (nos. I, 2, 3, 6, 9, 12, 13, 14, 15, 16, 17, 
19 and 20) values were obtained indicating their relative merit 
in diagnosing differences between normal and retarded subjects 
(shown in table 10.). The correlation (Pearson products- 
moments method) between the diagnostic value of these 13 tests 
found in this investigation and the value of these tests in differ- 
entiating 9 and 10 year subjects from 13 and 14 year subjects 
shown by Yerkes’ results is 0.71 (pe==0.09). Four of the 
tests (nos. I, 2, 3 and 6) show an error in the method of 
scoring. The correlation between Yerkes’ results and the Tren- 
ton results for the other 9 tests is 0.81 (pe==0.04). The cor- 
relations are probably high enough to indicate that as a general 
rule the tests that most successfully differentiate normal sub- 
jects of 12, 13 and 14 from retarded subjects of the same age, 
also show the largest differences between the performances of 
9g and 10 year subjects and 13 and 14 year subjects. 

Concerning the results of the younger subjects, a similar 
question may be asked,—what tests most effectively differentiate 
5 and 6 year subjects from 8 and 9g year subjects? The list of tests 
in the order of their value in making this differentiation is as 
follows: 


83% No. 11. Counting backwards. 
61% No. to. Comparing remembered objects. 
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58% No. 14. Arranging five weigths. 

56% No. 13. Using three words in a sentence. 
48% No. 5. Copying diamond and square. 
38% No. 9. Naming words. 

35% No. 4. Comparing lines and weights. 
33% No. 16. Line suggestion. 

32% No. 15. Detecting absurdities. 

32% No. 12. Comprehending difficult questions. 
31% No. 7. Aesthetic comparison. 

31% No. 8. Indicating ommissions in pictures. 
30% No. 16a. Length of letters. 

29% No. 6. Defining concrete terms. 

29% No. 20. Reconstructing dissected sentences. 
27% No. 19. Drawing designs from memory. 
23% No. 18. Analogies. 

21% No. 17. Defining abstract terms. 

19% No. 2. Describing pictures. 

18% No. 3. Repeating digits. 

3% No. 1. Repeating sentences. 


It is possible to compare these results on the easier tests with 
those of Chotzen. Chotzen (18) found that the backwardness 
of his feeble-minded children was most marked on nine tests, 
making change, naming months, recalling a story read, repeat- 
ing sentences, repeating digits, defining in terms superior to 
use, counting backwards, comparing remembered objects and 
arranging five weights. The first three of these are not included 
in Yerkes’ scale. There is an error in the scoring of the second 
three so that their value as a measure of growth is obscured. 
The last three show the highest value of any of Yerkes’ 21 
tests in differentiating 5 and 6 year subjects from 9 and Io 
year subjects. 

Chotzen also named nirie tests as showing the greatest value 
in differentiating the groups of feeble-mindedness. These tests 
were naming coins, recalling a story read, making change, com- 
prehending easy problem questions, repeating digits, defining in 
terms superior to use, copying a diamond, comparing remembered 
objects and arranging five weights. The first four of these 
tests are not in the point scale, and the value of the next two 
is obscured by the scoring system. The last three are included 
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in the five tests in Yerkes’ scale that show the highest differential 
value for young subjects. The only test in the point scale 
showing a differential value for young children higher than 
40% that is not included in Chotzen’s list is that of constructing 
a sentence from three given words, and this test was not given 
a sufficiently large number of times by Chotzen. It is possible 
to conclude then that as a general rule the tests that most 
successfully diagnose mental defect in younger subjects, or 
most effectively differentiate the lower grades of feeble-minded- 
ness, also show the greatest differentiation between the per- 
formances of 5 and 6 year subjects and 9 and Io year subjects. 
The correspondence found between the results of the two studies 
of the diagnostic value of the tests and the results of compar- 
ing older and younger subjects are in agreement with the view 
that feeble-mindedness is a general slowing up of mental growth. 

Again it is found that many of the tests that show the high- 
est value in differentiating the higher grades of intelligence are 
tests that involve the use of language to a considerable extent. 
Yerkes’ results afford the opportunity of studying the influence 
of language training on the tests. In table 31 (page 124) 
Yerkes gives the results of 196 children from 5 to 14 of non- 
English speaking parents. The present writer has computed the 
per cent. that the average number of points scored by the age 
groups 5 and 6, 7 and 8, 9 and 10, I1 and 12, and 13 and 14 
was of the number of points possible to be scored. Subtracting 
these values from those given for similar groups of children 
of English speaking parents (shown in table 17) gives the in- 
fluence of language training on each test in each group. These 
values are shown in table 18 in which the tests are arranged 
approximately in the order of the magnitude of the differences 
which they show between groups of different language training. 
A plus value indicates that the children of English speaking 
parents are ahead, a minus value that the children of non-English 
speaking parents are ahead. 

The differences shown in table 18 vary from + 29% to—9g%, 
the median being + 4% (Q=4.5%). There is then a general 
superiority of the results of children of English speaking parents. 





DIAGNOSTIC VALUE OF MENTAL TESTS 


TABLE 18. 
Influence of Language Training. 
Percentage Differences in Performance of Children of English and 
Non-English Speaking Parents. 


Test. 5&6 7&8 o&10 r&12 13&14 
17. Defining abstract terms.................. 0 o +12 +18 #$=++22 
13. Using three words in a sentence.......... +1 + 8 +22 +12 +8 
14. Arranging five weights................... —2 +29 +15 + 4 +5 
15. Detecting absurdities .................... o +10 +14 +13 +13 
12. Comprehending difficult questions........ + 6 + 8 +7 +10 +19 
20. Reconstructing dissected sentences........ 0 + 1 +16 + 8 Seed! 
10. Comparing remembered objects........... + 4 +14 =-+II +5 + 
Se: EG ti os 44 cae en Abana keedes kee +1 +7 +10 +7 #£=+10 
RC NCS a Sa oe BE os —I +2 +5 +15 +13 
6. Defining concrete terms.................. + 3 + 8 +9 +8 + 
Ny Se Oe oo eck s. a ovcsivee ceedins Oo +9 +8 oO +15 
1. Repeating sentences ...................6. +9 +8 +3 +6 —I 
Be... Coeeieees Mmrtewards oo onkis oo. cee cece eck —2 +10 +6 +2 +42 
8. Indicating omissions in pictures.......... +11 +6 —I +1 
ie re +5 +1 +4 +1 — 
4. Comparing lines and weights............. — 5 +5 +10 +4 + 
i ee. ce Baul deeals wad aces — 5 —I +4 o o- 
S. FUR MOMETIOON «cu... oe cc o — 3 +2 ') _ 
5. Copying diamond and square............. — 6 —5 + 3 — 3 + 
eR er ee —4 —-6 —9 +5 + 
19. Drawing designs from memory........... —I —I —9 — 3 + 





The correspondences shown in table 18 are of course more 
remarkable than the divergencies, but in the light of the high 
degree of correspondence, the fact of wide divergence would 
seem to indicate training. There are 19 differences higher 
than + 10%, these differences being confined to but 10 tests. 
In three tests (nos. 8, 12 and 16a) differences higher than 
+ 10% occur in but one age group. In five of the tests (nos. 
9, 10, 13, 14 and 20) these differences appear in two age groups. 
In two of the tests (nos. 15 and 17) these differences appear in 
three age groups. In five tests (nos. 12, 13, 14, 15 and 17) 
the average difference is + 10% or higher. Although the evi- 
dence is thus directed against a few tests, it is probably im- 
possible to say definitely on what tests the influence of language 
training is not present or on what tests the results are due to 
chance. The tests are arranged in table 18 in the approximate 
order of the magnitude of the differences found. 
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Two interpretations of the results are possible, the first, that 
the children of non-English speaking parents are under a serious 
handicap in some of the tests owing to deficient language train- 
ing, the second, that these children have an inferior hereditary 
endowment, that they are less intelligent. The validity of the 
second interpretation may be examined by comparing the magni- 
tude of the differences found between groups of younger and 
older children of English and non-English speaking parents with 
the magnitude of the values found for the tests in differentiating 
13 and 14 year children from 9 and Io year children, and for 
differentiating the latter group from 5 and 6 year children, or 
in other words by comparing the value of the tests as differen- 
tial measures of growth with the supposed influence of language 
training. 

As a measure of the amount of the influence of language 
training on younger subjects the differences found between the 
English and non-English speaking-groups of 5 and 6 year chil- 
dren and 7 and 8 year children on each test were combined. 
The correlation (Spearman foot-rule) between these values and 
the magnitude of the differences between 5 and 6 year subjects and 
9g and Io year subjects is 0.11 (pe=0.09). As a measure of 
the amount of influence of language training on older subjects 
the differences found for the 11 and 12 year subjects and 13 
and 14 year subjects were combined. The correlation between 
these values and the magnitude of the differences between 9 and 
10 year subjects and 13 and 14 year subjects is 0.56 (pe 0.09). 
These values represent the relation between the differential value 
of the tests and the magnitude of the language differences at 
the extremes. The correlation between the differences found 
between the English and non-English speaking subjects of 9 
and 10 and the differences between English speaking subjects of 
7 and 8, and 11 and 12 is 0.35 (pe==0.09). In drawing in- 
ferences from these correlations it should be remembered that 
most of the tests that are the best differential measures of older 
children are passed by so few of the younger children that there 
is little opportunity of differentiating these children, or little 
opportunity for a language difference to appear. On the other 
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hand, some of the tests that show no differentiation between 
the performance of 9 and 10 year subjects and 13 and 14 year 
subjects fail to show a difference because they are too easy, and 
for the same reason these tests would fail to differentiate the 
language groups. These factors would tend to obscure the 
correlation between intelligence differences and language differ- 
ences in the younger years, and to magnify this correlation for 
older subjects. 

It is not possible to demonstrate whether the differences are 
due to deficiency in language training or to deficiency in intelli- 
gence. The statement that the connection between language dif- 
ferences and intelligence differences becomes more intimate with 
increasing years, (based on the correlations 0.11, 0.35 and 0.56) 
is modified by the relations pointed out between these correla- 
tions and the difficulty of the tests, and after all this may only 
be another way of saying that the tests that most successfully 
differentiate the higher grades of mental defect or most suc- 
cessfully differentiate the growth of older subjects involve 
language training. The position that the differences are due 
to language training is therefore favored. If the results justify 
the position that children of non-English speaking parents have 
an inferior hereditary endowment, it would appear that this 
inferiority becomes more marked with increasing age. How- 
ever it must be remembered that this inferiority is only being 
measured by comparatively few effective tests. The safest con- 
clusion would probably admit the possibility of both factors. 

The examination of the results of the five weight test should 
indicate what the nature of the conclusions concerning the in- 
dividual tests should be. It is perhaps surprising to find the 
apparent influence of language training in the test of arranging 
five weights. This influence is most marked in the younger years 
in which there is the strongest reason to believe that the differ- 
ences are due to language training rather than to intelligence. 
Binet considered this test important in differentiating morons 
from normals, and attached considerable importance to it be- 
cause it presupposed no acquired knowledge and was absolutely 
independent of all instruction. The results of the present in- 
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vestigation show that it is useless in differentiating the higher 
grades of mental defect, but there is reason to suppose that the 
intellectual factors of comprehending a serial arrangement and 
making the logically necessary comparisons are correlated with 
intelligence. Chotzen’s results shown the test valuable in differ- 
entiating the lower grades of mental defect, and Yerkes’ results 
show a very rapid growth from 5 to g. It is significant that 
the same range in which the test is most effective is the range 
in which the influence of language training appears. If this 
influence is actually language training, it would indicate that 
one of the most important factors in the test, and the one that 
probably gives it its strongest correlation with intelligence is 
simply that of understanding the instructions. The results of 
the two language groups would indicate that the non-English 
speaking subjects, even though they are able to make the sen- 
sory discrimination and to comprehend and execute a serial 
arrangement, fail the test because they do not understand the 
instructions. 

If the conclusion that the test of arranging five weights is 
influenced by language training is not justified, then it follows 
that none of the tests are influenced by language training, for 
the five weight test shows as marked an influence of this factor 
as any other test. The fact that the apparent language differ- 
ences on this test are not due to differences in intelligence is 
indicated by the low correlation between the language differences 
and growth differences in this region (0.11), and by the fact 
that two of the tests that are most effective in making a differen- 
tiation of growth in this region (nos. 5 and 11) show very 
slight language differences. It must be concluded then that the 
differences are either due to language training or to chance. If 
the differences on the five weight test are due to chance, all 
other differences are due to chance. The chance hypothesis 
would probably be overworked in accounting for the fact that 
76% of the 105 differences found between English and non- 
English speaking subjects were less than 10%. 

If the foregoing analysis of Yerkes’ data is correct it follows 
that some of the tests are influenced to a considerable extent 
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by language training. In the solution of some tests the chil- 
dren of non-English speaking parents are under a serious handi- 
cap owing to deficient language training. In any event the 

f factor can not be disregarded entirely, for if there is some truth 

i in the hypothesis that the language differences are due to intelli- 

| gence differences, and that the difference in intelligence would 
manifest itself in the long run, in an individual examination 
how is the experimenter to know whether the subject’s failure 
is due to defective intelligence or defective training? 

In the present investigation the writer by selecting groups 
of similar language training was able to keep the data bearing 
on the diagnostic value of the tests free from the influence of 
the language factor. The position that the Trenton data were 

. free from this influence is strengthened by Yerkes’ results, for 
it was found in the present investigation that if it were to be 
concluded that certain tests depended on language training, it 
would also be necessary to conclude that two of the tests (nam- 
ing 60 words and using three words in a sentence) showed this 
influence in favor of the children of non-English speaking par- 
ents, or in other words that the training in two languages was 
a positive help in these two tests. The fact that Yerkes’ results 
show the English speaking children ahead in these tests would 
indicate that the language differences found in the Trenton study 


} ; were due to chance rather than to the positive influence of the 
{ language factor. 
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VIII. RESULTS OF OTHER INVESTIGATORS 


It is beyond the scope of the present investigation to sum- 
marize all of the literature bearing on the correlation of various 
mental tests with intelligence. The results of other investigators 
bearing directly on the individual tests used have been men- 
tioned in the detailed discussion of the tests. Simpson’s in- 
vestigation is reported here because the problem has many points 
in common with that of this investigation and the conclusions 
have a similar trend. The other investigations of Norsworthy, 
Terman (earlier study), Wallin, and Pyle are mentioned only 
on account of the correspondence in the method of group differ- 
entiation. Workers in the field will find a summary of the 
work bearing on the correlation between many of the standard 
tests and intelligence given under the heading “Dependence on 
intelligence’ under each of the tests in Whipple’s Manual (76). 
An analysis of the factors involved in many of the better known 
tests and the relation of these factors to intelligence is given 
in the second volume of Meumann’s “Vorlesungen” (45), 
along with an evaluation of the results of various investigators 
who have applied the tests in this particular field. Lastly, for 
the real masterpieces in the creative portion of the field, the 
reader is referred to Binet’s original articles which appeared 
from time to time in L’Année Psychologique, and which have 
recently been translated into English by Kite (39 and 40). 

Simpson (58) gave 15 tests to two groups of adults who 
were taken to represent “the two extremes of ‘general intelli- 
gence’ as judged by the world’, one group being composed of 
17 professors and advanced students, and the other of 20 men 
who had never held any position demanding a high grade of 
intelligence. The tests used included two tests of perception 
(marking A’s and marking geometrical forms), three tests of 
memory (memory of unrelated words, of passages, and recog- 
nition of forms previously seen), four of association (addition, 
easy opposites, learning pairs of words and forms, and com- 
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pleting words), three of selective thinking (hard opposites, 
mutilated prose, and absurdities), two of sensory discrimination 
(reproducing lengths and discriminating lengths), and one of 
motor control (scroll test). 

Simpson found that “the tests reveal very marked differences 
in the two groups in language tests demanding selective think- 
ing; marked but less difference in certain tests of memory; very 
decided differences in language tests demanding speed and ac- 
curacy in easy association; less difference in the more directly 
practiced and mechanical associations demanded in adding; in 
perception tests and in motor control the differences are some- 
what less still; and in discrimination of lengths they are least 
of all.” (page 55). 

The method on which Simpson based his conclusions was that 
of comparing the per cent. of the poor group that surpassed 
the median of the good group, and the lowest four, two and 
one of the good group. From the results given in table II, 
(pages 30 and 33 of Simpson’s monograph) the present writer 
has calculated the Maximum Diagnostic Value of each test. The 
list of tests in the order of the Maximum Diagnostic Value is 
as follows: 


100% Test IV. Easy Opposites. 

100% Test XII. Hard opposites. 

94% Test XIV. Ebbinghaus’ mutilated text. 
94% Test V. Recognizing forms. 

88% Test VII. Learning pairs. 

85% Test VI. Memory for words. 

78% Test VIII. Memory for passages. 
75% Test XIII. Completing words. 

73% Test III. Scroll test. 

70% Test XI. Adding. 

70% Test I. Marking A’s. 

69% Test II. Marking geometrical forms. 
42% Test X. Estimating lengths. 

21% Test IX. Reproducing lengths. 


The results of the absurdities tests were not used because they 
were not reliable. 


In drawing conclusions concerning what sort of abilties were 
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connected with mental ability, Simpson used the intercorrela- 
tions of the tests as a basis of classifying them. The Ebbinghaus 
and hard opposites tests, for example, were classified under 
“selective thinking’, and the easy opposites test under “associa- 
tion”. The correlation between the first two tests was 85, so 
that they may be correctly classified under one heading. The 
easy opposites test correlated higher than these two tests of 
“selective thinking’ (72 and 83) than with any of the other 
tests, so that it should properly be placed under this heading 
rather than under “association”. 

Grouping the tests together on a basis of their intercorrela- 
tions, Simpson figured the average correlation of each ability 
with all of the other tests. On the basis of the magnitude of 
these average correlations, Simpson concluded that “power of 
selective thinking is more intimately connected with, and more 
characteristic of, general mental ability than is any of the other 
abilities tested; that memory is next most highly correlated with 
general ability; the simpler forms of association next; percep- 
tion next; motor control considerable less; and discrimination 
of lengths least of all.” (page 67). 

Simpson held that the tests were measures of mental capacity 
rather than measures of amount of training and education, be- 
cause the correlation between the number of years of schooling 
and the rank in the eight tests that correlated most highly with 
the other tests was low (38). On the evidence of studies of 
retardation he held that “a small number of years schooling 
means inability to learn advanced and difficult language work, 
rather than lack of opportunity to learn it.” (page 70). Further 
evidence that the tests of selective thinking were not measures 
of school training was derived from the fact that the subjects 
who were considered decidedly dull or stupid by their fellows 
did poorest in these tests. Simpson found further evidence in 
support of the proposition that language tests are fair tests of 
ability from the fact that the intelligence of primitive peoples 
may be measured by their language, and that feeble-minded chil- 
dren are deficient in acquiring higher forms of language. 

A combined measure of general intelligence was taken for 
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each individual by adding his scores on the Ebbinghaus test, 
hard opposites, easy opposites, learning pairs and recognizing 
forms, the scores being compared in terms of the deviation 
from the median. The deviations of the good group varied 
from + 95 to + 21, while those of the poor group varied from 
o to — 127. There was a difference of 21 between the lowest 
member of the good group and the highest member of the poor 
group, this difference being 46.5% of the average deviation from 
the median (45.14). The combined score therefore differen- 
tiated the groups more completely than the score on any of the 
individual tests. Further evidence that the combined score on 
these five tests was a measure of “general intelligence’ was ob- 
tained from the fact that the correlation between the ranking 
of the subjects of the good group according to these tests and 
their ranking according to the independent estimates of their 
intelligence by ten or more persons was 92. The correlation 
between the various tests and estimated intelligence varied from 
g6 (hard opposites) to — 20 (drawing lengths). 

Norsworthy (48) gave twelve mental tests and four physical 
tests to 150 defective children and to large numbers of normal 
children in order to determine whether the mental defects of 
idiots were equalled by the bodily defects, whether idiots 
formed a separate species or not, and whether idiots showed 
a lack of mental capacity all around. The physical tests showed 
very slight differences between the groups, 26% of the idiots 
being above the median of the normals in the measurements 
of temperature, 44% in weight, 45% in height and 49% in the 
measurements of pulse. The median for the idiots in “intelli- 
gence tests’ (part-whole, genus-species and opposites tests) was 
below the median of the normals 7 times the probable error. 
The median for idiots in memory tests (memory for dictated 
passages and related words) was below the median of normals 
3-5 times the probable error. The median of idiots in “maturity 
tests” (reproducing a weight to a standard, memory for un- 


related words, cancelling A’s and cancelling a’s and t’s) was 
below the median of normals 2.7 times the probable error. 


Norsworthy finds no evidence for the theory that idiots con- 
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stitute a separate species of individuals. The results show 
however that the differences that are found between idiots and 
normal children vary with the measurements used, which is 
of course another way of saying that the tests vary in their 
efficiency in diagnosing feeble-mindedness. Physical tests have 
little efficiency, and the controlled association tests (combined 
score) had twice the efficiency of the two memory tests. 

Terman (64) examined seven of the brightest and seven of 
the dullest pupils in a school system made up of about 500 
children, finding the bright boys superior in all the mental tests 
given, but below in the motor tests. No suggestions can be 
obtained concerning the relative efficiency of the tests in differ- 
entiating the groups on account of the small number of subjects. 

Much information concerning the problem of what tests are 
diagnostic of intelligence may be gained from the correlation 
methods in which the standing of a group of subjects in a series 
of tests is compared with their rank order in intelligence as esti- 
mated by the school-masters, school-fellows, or other persons 
supposedly competent to diagnose mentality. The results of this 
method are of course no more accurate than the original in- 
dependent rating of intelligence, and this rating is not absolutely 
reliable for the correlations between the ratings of one group 
by different observers are frequently low. Furthermore, there 
is danger that the individuals who make the ratings will stress 
some ability such as memory so that some tests will show a 
correlation with estimated intelligence somewhat higher than 
their probable true correlation with intelligence.’ 

On the whole, these correlation methods are chiefly serviceable 
in determining the relationships between the various test abili- 
ties. Eventually, if the same tests are given to different groups, 


1 This point is well illustrated by Abelson’s (1) results. Abelson instructed 
the teachers to estimate the “practical intelligence” of the children by con- 
sidering in forming their opinion which of the children they would soonest 
trust on an errand requiring the sharpest intellect. The fact that the test 
that showed the highest correlation with intelligence was a test of memory 
for commissions shows that the teachers considered the mere retention of 


the instructions more important than the intellectual factors involved in the 
execution of the errand. 
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the evidence from different investigations will be very valuable 
in showing what tests are most diagnostic of intelligence. At 
present there are not enough investigations available. The work 
to date however would certainly support the two propositions 
that different tests vary in their effectiveness in diagnosing in- 
telligence, and that a combined score of several tests is more 
effective than any single test. 

Wallin (73) gave the Binet 1908 scale to a large group of 
epileptics, and compared their results with those of other in- 
vestigators on normal and feeble-minded individuals. Certain 
tests proved to be especially difficult for epileptics just as certain 
tests in this investigation proved to be especially difficult for 
the retarded group. The results of the two investigations can- 
not be compared however, for Wallin referred the discrepancies 
between the performance of normals and epileptics to “inherent 
abnormalities in the mentation of the epileptics”, and indeed 
there is no reason for believing that the tests that proved es- 
pecially difficult for epileptics should also be the tests that are 
most highly diagnostic of feeble-mindedness. 

Pyle (53) gave a series of class-room tests to groups of pupils 
classified as bright and dull on the basis of their school marks. 
He found that the completion, word-building, logical memory 
and controlled association tests were most valuable for the pur- 
pose of ascertaining the mental differences between the groups. 
Ability to do the cancellation test in some cases showed an in- 
verse relation to the other tests. Ability in the ink-blot test 
showed an inverse relation with age, (the younger children do- 
ing better), and showed a negative relation to the other tests. 

Terman (65) has recently published a revision of the Binet 
scale, the selection of tests being based on an empirical verifica- 
tion of their validity. The method of demonstrating the validity 
of the individual tests was that of comparing each test with 
the scale as a whole. The subjects of each age were divided 
into three groups according to their “intelligence quotients’ 
(IQ), and the tests that showed a higher per cent. passed in 
an inferior IQ group than in a superior IQ group were re- 
jected. This method insures that each test is to some extent 
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coherent with the scale as a whole. The results of this method 
are best shown by the following quotation from Terman: 

“When the tests were tried out in this way it was found 
that some of those which have been most criticized have in 
reality a high correlation with intelligence. Among those are 
naming the days of the week, giving the value of stamps, count- 
ing thirteen pennies, giving differences between president and 
king, finding rhymes, giving age, distinguishing right and left, 
and interpretation of pictures. Others having a high reliability 
are the vocabulary tests, arithmetical reasoning, giving differ- 
ences, copying a diamond, giving date, repeating digits in re- 
verse order, interpretation of fables, the dissected sentence test, 
naming sixty words, finding omissions in pictures, and recogniz- 
ing absurdities.” (Pages 76 and 77). 

‘“‘Among the somewhat less satisfactory tests are the following: 
repeating digits (direct order), naming coins, distinguishing 
forenoon and afternoon, defining in terms of use, drawing de- 
signs from memory, and aesthetic comparison. Binet’s “line sug- 
gestion” test correlated so little with intelligence that it had to 
be thrown out. The same was also true of two of the new 
tests which we had added to the series for try-outs.” (Page 77). 

“Tests showing a medium correlation with the scale as a whole 
include arranging weights, executing three commissions, naming 
colors, giving number of fingers, describing pictures, naming 
the months, making change, giving superior definitions, finding 
similarities, reading for memories, reversing hands of clock, 


defining abstract words, problems of fact, bow-knot, induction 
test, and comprehension questions.” (Page 77). 


From the standpoint of the desirability of comparing Ter- 
man’s results on the individual tests with those of this investiga- 
tion it is to be regretted that Terman’s actual data are not 
yet available. However, he uses the agreement of each test 
with the scale as a whole as a criterion of the test’s correlation 
with intelligence, and from his report it is possible to classify 
the tests into four grades of reliability, those showing a high 
correlation, a medium correlation, a less satisfactory correlation, 
and no correlation with intelligence, (the term “corrleation with 
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intelligence” being used interchangeably by Terman with “corre- 
lation with the scale as a whole’). 

It is not possible to compare all the results of this investiga- 
tion with those of Terman on account of the differences of 
procedure. The agreement between Terman’s procedure and 
that of the present investigation was very close on nine tests, 
and a direct comparison is possible. Terman found that the 
dissected sentence test showed a high reliability, and this test 
showed one of the highest diagnostic values found in the present 
investigation (71%). He also found that the tests of naming 
60 words, giving rhymes with “day”, “mill” and “spring”, and 
naming the date showed a high correlation with intelligence, 
while the diagnostic values found in this investigation were not 
particularly high (40%, 32% and 29% respectively). The tests 
of naming the months and arranging five weights which Terman 
reported as showing a medium correlation with intelligence have 
diagnostic values of 43% and 18% respectively. Two tests 
that are classified as less satisfactory, the designs and 7 digits 
tests, show diagnostic values of 36% and 30% respectively. 
The line suggestion test which correlated so little with intelligence 
that it had to be thrown out showed one of the lowest diagnostic 
values found in this investigation (12%). 

Five other tests used in this investigation may be compared 
with Terman’s results although the procedure was somewhat 
different. Terman used five absurdity questions, three of them 
being the same as the present writer used. Terman reported this 
test as showing a high correlation with intelligence, and con- 
sidered it “one of the most ingenious and serviceable tests in 
the scale”, and “an invaluable test for the higher grades of 
mental deficiency”, an opinion in keeping with the diagnostic 
value found in this study (53%). Terman used four grades 
of comprehension questions, and found that the test showed a 
medium correlation with intelligence. This test showed one of 
the highest diagnostic values in the present investigation (71%). 
The two studies used different: words in the test of defining 
terms superior to use’so that the results are but roughly com- 
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parable. Terman classified the test as having a medium correla- 
tion with intelligence, while the value found in this investigation 
was 51%. Two of the three words used in the abstract definitions 
test appear in the five used by Terman. The diagnostic value 
found was 51%, and Terman reported it as showing a medium 
correlation with intelligence. Terman used three problems from 
various facts, and found a medium correlation with intelligence. 
The two problems used in this study showed different diagnostic 
values (21% and 51%). It is not possible to compare Terman’s 
results on the tests of describing and interpreting pictures with 
those of this investigation because the pictures used and the 
procedures in giving the tests were different. 

The results of the two investigations, where comparison is 
possible, do not agree very closely. Tests that showed a high 
correlation with intelligence according to Terman showed diag- 
nostic values of 71%, 53%, 40%, 32% and 29% in this study. 
The diagnostic values found for the tests classified as showing 
a medium correlation were 71%, 51%, 43% and 18%. The tests 
classified as less satisfactory showed values of 36% and 30%, 
while the test that was so unsatisfactory that it had to be elimi- 
nated showed a value of 12%. 

The discrepancies between the results of the two investiga- 
tions might possibly be explained by the difference of method. In 
this event the question arises as to which method is more reliable. 
A. S. Otis (49) points out that it is theoretically possible 
to have a coherent system of tests that are not tests of in- 
telligence (tests of physical strength, for example), and that it 
is therefore necessary to have other criteria of the validity of 
the individual tests. This objection is of course largely theo- 
retical, but it is possible that the tests in different portions of 
the scale vary in the degree in which they correlate with in- 
telligence or depend on factors other than intelligence so that 
the criterion of coherency would not give results that were con- 
stant throughout the scale. 

The 16 tests in years VIII and IX, for instance, include the 
tests of counting backwards from 20 to 0, naming coins, giving 
the date, making change, naming months and counting stamps 
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which were shown to depend on school training, the test of 
writing from dictation which Binet eliminated on account of 
school training, and the test of constructing a sentence from 
three given words, a test in which this factor was suspected. 
The large proportion of tests in this region (8 out of 16, or if 
alternatives are omitted 4 out of 12) that are dependent on 
training might account for Terman’s finding that some of the 
tests “which have been most criticised have in reality a high 
correlation with intelligence.” Logically the test of coherency 
would indicate dependence on training as much as on intelli- 
gence. In the light of the first study, the presumption would 
be that the test of coherency in the region of VIII and IX would 
show the tests of training to have an abnormally high validity. 
The training tests may be diagnostic of intelligence, but that 
is another matter. The objection against the test of coherency 
is that it fails to take account of variable factors. 

In the absence of the actual data it is not possible to deter- 
mine the cause of the discrepancies between Terman’s results 
and those of this investigation. At least Terman may be con- 
sidered as subscribing to the general thesis that the individual 
tests vary in the degree in which they correlate with intelligence 
or in their value in diagnosing intelligence. 
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IX. CONCLUSIONS AND SUGGESTIONS 


In all twenty-three Binet tests were used in this investigation, it 
being possible to draw conclusions concerning nineteen of them. 
The diagnostic values of these nineteen tests and their various 
sub-tests are shown in table 10. Ten supplementary tests were 
used, it being possible to draw conclusions concerning nine of 
them. The diagnostic values of these nine tests and their various 
sub-divisions are shown in table 16. Table 19 shows the various 
Binet tests and the supplementary tests arranged in the order 
of their diagnostic value as shown by this investigation. 

The extreme divergency of the tests is clearly shown in Table 
19. Three tests show diagnostic values higher than 70%, four 
higher than 60%, eight higher than 50% and twelve higher than 
40%. Twelve tests show diagnostic values lower than 30%, 
five Jess than 20% and two less than 10%. The writer does 
not insist that all the values given in table 19 are absolutely 
final and definite. Indeed the influence of the one variable fac- 
tor in the results, the personal equation, is so subtle that it can 
hardly be avoided. The experiment has however been reported 
in detail so that it can be repeated.? 

The reader may draw his own conclusions concerning the na- 
ture of the tests that are most diagnostic of intelligence, or the 
nature of the mental processes most intimately connected with 
intelligence. Inferences from the nature of the tests to the na- 
ture of intelligence are of course uncertain, for we know very 
little about the mental processes involved in the tests. The 
mere fact that a psychologist classifies a test as involving a 
certain process does not prove that that process is involved. 
In a general way it is perhaps interesting to note that there is 


+The writer will gladly communicate further details of procedure that 
have not been reported to anyone wishing to repeat the experiment. All the 
data from the Princeton and Trenton experiments are on file at the Prince- 
ton laboratory, and are available for anyone who wishes to check up the 
writer’s computations or to make further calculations. 
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TABLE 10. 
List of Tests in the order of their Diagnostic Value. 


—74 Subtraction tests. 
—71* Comprehending difficult questions. 
—71* Reconstructing dissected sentences. 


—64 Healy cross-line tests. 


—53* Detecting absurdities in statements. 

—51* Defining in terms superior to use. 

—51* Defining abstract terms. 

—51* Solving problems from various facts (Problem b). 


—49 Balance test. 

—49 (42) Distinguishing between terms. 
—43* Enumerating the months. 

—40* Naming 60 words in three minutes. 


—36* Copying designs from memory. 
—35 Estimating lengths. 

—35 (30) Memory for commissions. 
—34 Puzzle tests. (Pooled score.) 
.—33* Giving rhymes with “defender.” 
—30* Repeating 7 digits. 


—29* Using three words in a sentence (2 ideas). 
—29* Giving the day and date. 
—28 Lifting the table asymmetrically balanced. 


—28 Influence of suggestion. (Suggestion by progressive lines.) 
—23* Repeating a sentence of 18 syllables. 

—23* Using three words in a sentence (1 idea). 

—z21* Solving problems from various facts (Problem a). 


—19 Reproducing lengths. (Suggestion by progressive lines.) 
—18* Arranging five weights. 
—12* Resisting suggestion. 


— 6* Interpreting pictures. 
-+- 2* Describing pictures. 


Note: Tests marked with an asterisk (*) are in the Binet series. 


> 


much in common between Stern’s (62) definition of intelli- 
gence as ‘“‘general mental adaptability to new problems and 
conditions of life”, Witmer’s (74) definition of intelligence as 
“the ability of the individual to solve what for him is a new 
problem”, and Pillsbury’s (52) definition of reasoning as “the 
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application of any knowledge in a new way”. Intelligence tests 
would seem to involve a new problem and a solution of the 
problem, or in other words, reasoning. 

One logical implication of this study should be pointed out. 
Throughout the study the emphasis has been placed on the 
diagnostic value of the tests, or their merit in differentiating 
feeble-minded individuals from normal individuals. If the con- 
ception of diagnostic tests is carried to the extreme, the belief 
that certain tests could be found that are absolutely diagnostic 
of feeble-mindedness would imply that feeble-minded individuals 
constituted a separate species or a group of individuals who were 
in some respects completely different from normal individuals. 
Of course it has never definitely been shown that feeble-minded 
individuals do not constitute a separate species in some respects. 
Norsworthy’s (48) results negate this view to some extent but 
not conclusively, for her results show feeble-minded individuals 
to be more distinct in some respects than in others. Logically 
of course there are no degrees of being a species, but there 
are degrees of accuracy of definition by which a species is 
specified, and Norsworthy in concluding that feeble-minded in- 
dividuals did not constitute a separate species drew these con- 
clusions on the basis of the tests used. 

The view that feeble-mindedness is a general slowing up of 
mental development gets its chief impetus from the convention 
started by Binet and followed by others of defining normal 
development in terms of age, and this view of the intelligence 
of the feeble-minded if true would completely disprove the view 
that they were a separate species, unless intelligence changes in 
character in the course of its development. Theories of the 
correlation of intelligence with age have all been based on 
cross-section studies of different individuals at different ages, 
and the true nature of the development of intelligence will 
probably not be known until longitudinal studies of the same 
individuals through a number of years have been made. The 
results of this investigation show that as a general rule the 
tests that were most effective in diagnosing known differences 
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of intelligence also showed the greatest differentiation between 
subjects of different ages. The correlation found was not ab- 
solutely valid but in general supported the view that feeble- 
mindedness is a slowing up of mental development. These 
findings do not absolutely support this view for there may be 
changes in the character of intelligence with increasing age. 
The results of this investigation neither establish nor controvert 
the view that feeble-minded individuals in some respects con- 
stitute a separate species, a view the validity of which the belief 
in the possibility of discovering tests that are absolutely diag- 
nostic of feeble-mindedness would necessarily imply. In the 
absence of definite experimental results the discussion of this 
point is largely speculative. 

As a practical matter it is significant that the results of this 
investigation show that many of the tests that are diagnostic 
of the higher grades of mental defect involve the use of 
language. Six of the tests that show diagnostic values higher 
than 40%, abstract definitions, absurdities, comprehension, dis- 
sected sentences, 60 words and concrete definitions, stand first, 
fourth, fifth, sixth, ninth and tenth respectively in the list of 
tests in Yerkes’ point scale arranged in the order of the mag- 
nitude of the differences found between English and non- 
English speaking children. The other six tests showing diag- 
nostic values higher than 40% are not in Yerkes’ scale. Two 
of the remaining four tests in the first ten of Yerkes’ list (five 
weights and sentence test) show no diagnostic value in this 
investigation, and the other two (comparison and analogies) 
were not used. The character of two of the other tests showing 
diagnostic values higher than 40% (solving problems and dis- 
tinguishing between terms) would indicate that they might be 
influenced by language training. Many of Simpson’s (58) tests 
that most effectively differentiated his groups would also seem 
to involve language training. 

Many of the tests that most effectively differentiate the higher 
grades of mental defect involve the use of language. In view 
of the probable close connection between intelligence and reason- 
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ing ability, it is not surprising to find a close connection between 
reasoning and the common vehicle of its expression, language. 
Of course it is possible to have reasoning in action as well as 
in thought but the fact remains that we have very few tests 
of reasoning in action. 

The dearth of intelligence tests that are independent of the 
language factor indicates the magnitude of the problem that 
faces American investigators who wish to test the intelligence 
of individuals who have not had adequate training in English, 
immigrants, children of non-English speaking parents etc. It 
is possible to find many tests for older persons that do not in- 
volve language but a great many of these tests do not involve 
intelligence. With younger children and lower grade cases, the 
influence of language may appear in the instructions rather than 
in the test itself, as in the case of the five weight test. The 
problem of testing individuals without adequate training in 
English has considerable practical importance in this country 
with its cosmopolitan population. The solution of the problem 
will most certainly involve many careful and skilful researches. 

To one who has followed the analysis of the various intelli- 
gence tests through these pages, there is apparently a hopeless 
confusion in the field. Some tests involve the influence of the 
personal equation to a marked degree, others depend on school 
training, some depend on linguistic training, and far too many 
depend too little on intelligence. The only hopeful aspect of 
the situation is that it is possible to place the whole field of 
mental tests on an absolutely empirical basis. 

The personal equation is a difficulty but not an insurmount- 
able difficulty and the presence or absence of this factor may 
be empirically demonstrated. The influence of scholastic train- 
ing may be determined by comparing groups of similar ages 
but different training. The influence of sex differences may be | 
determined by comparing the results of boys and girls of the 
same age and with the same training. The dependence of the 
tests on language may be determined by comparing the results 
of groups of English and non-English speaking children with 
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the same environmental opportunity. And lastly, the reliability 
of a test as a measure of intelligence may be determined by 
giving it to groups of the same age and opportunity, but of 
known differences of intelligence. There is no room for a 
priori objections or inferences. Every factor may be empirically 
demonstrated. It is possible to construct scales for measuring 
intelligence without knowing exactly what intelligence is. A 
person may determine the presence or effectiveness of intelli- 
gence without knowing its nature. 

In view of the fact that the merit of tests and systems of 
tests may be empirically demonstrated, it is legitimate to de- 
mand that the investigator who proposes a new scale or another 
revision of existing scales should offer a demonstration of the 
reliability of his method. If he has a scale for measuring the 
higher grades of defect, let him show that it will actually diag- 
nose these conditions. If he has a scale for differentiating 
adolescents from adults, let him demonstrate that the scale will 
actually make this differentiation. 

It is surprising that up to this time very few complete dem- 
onstrations have been made of the reliability of measuring 
scales of intelligence. Binet’s only experimental verification of 
his scale consisted in showing that the distribution of the chil- 
dren testing “at age” and below and above age was normal.? 
As a matter of fact there was practically no experimental verifi- 
cation of the scale, and its validity rests on Binet’s merit as a 
psychological observer. The fact that some of the tests are 
worthless merely proves that Binet was occasionally mistaken 
in his opinion, and the fact that so many of the tests are 
extremely valuable is a lasting tribute to his experimental 
genius. Goddard’s statistical verification of the Binet scale has 
been shown to be faulty by Ayres (2), Schmitt (56), Thorndike 
(69), Yerkes (82), and others. 

Yerkes evidently revised the Binet scale on a point basis 
without experimental verification of his opinions. He threw 
out some tests because he thought they depended on school train- 


2 The totals of the table demonstrating this fact do not add up correctly. 
Année Psychologique, 1908, Vol. 14, page 73. 
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ing, and weighted the tests and their various parts on an en- 
tirely arbitrary basis. Of course Yerkes guessed very shrewdly, 
for only two of the tests in the scale involve school training, 
as a general rule the most valuable tests receive the most 
weight, and only three or four of the tests are worthless on 
account of faulty weighting. So far as the writer knows, Ter- 
man (65) is the only investigator who has offered an empirical 
verification of the individual tests along with the publication 
of the system of tests. Terman’s method of demonstrating the 
validity of the individual tests has been discusssed in the 
previous chapter. 

In affording an experimental verification of his scale the ex- 
perimenter should in every case make his demonstration from 
the individual tests, and not from the total score of the whole 
system, for the only source of progress in the perfection of 
systems of tests lies in perfecting the individual tests. The 
system as it stands may be fairly effective, but the analysis of 
the individual tests will usually show that it could be more 
effective. 

Every study of systems of tests will probably show that the 
total score has greater reliability than any of the individual 
parts. The twenty-three Binet tests used in this investigation 
scored together in the form of “mental ages” had a maximum 
diagnostic value of 69%, which is more than double the average 
diagnostic value of the individual tests. Yet if the total score 
were computed from 5 of the most effective tests, the diagnostic 
value was 83%. The same has been indicated time and again. 
The pooled score always shows a higher correlation with in- 
telligence than the individual tests. The whole is more reliable 
than the parts, yet the effectiveness of the whole is raised by 
increasing the reliability of the parts. 

To one who has followed the analysis of the Binet tests 
through these pages, it is perhaps surprising that the scale 
works. Yet it does work within certain limits. It will in- 
dicate pronounced defect in children over certain ages, and as 
the writer has shown in a prevous article (14), it will diagnose 
the finer shades of intelligence from 7 to II as expressed by 
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the teachers’ judgments. The merit of the scale as it stands 
undoubtedly rests on two principles. In the first place, the 
tests are arranged in the approximate order of their increasing 
difficulty (by the criterion of 75% passed) so that the ex- 
perimenter can find tests within the subject’s range of ability 
by exploring from the “basal age” upwards. In the second 
place, the experimenter in exploring this ability gives the sub- 
ject a number of tests. The merit of the scale rests then on 
the principles of having a number of tests, and of having those 
tests within the range of the subject,—neither too far above 
or too far below his ability. There is nothing essentially new 
in these principles. It is a matter of common observation that 
the user of the shot-gun frequently chooses the “spread” in- 
stead of the “choke” barrel, and that the user of the rifle in- 
variably adjusts his sights to suit the range. 

In regard to the principle of having a number of tests, Binet 
is quite frank. His explanation of the reason for measuring 
intelligence by groups of tests follows. “Obviously it rests 
upon the principle that a particular test isolated from the rest 
is of little value, that it is open to errors of every sort, es- 
pecially if it is rapid and is applied to school children; that 
which gives a demonstrative force is a group of tests, a collec- 
tion which preserves the average physiognomy. This may seem 
to be a truth so trivial as to be scarcely worth the trouble of 
expressing it. On the contrary it is a profound truth, and 
good sense is so far from being sufficient to divine this so 
called triviality, that up to the present it has been constantly 
disregarded. One test signifies nothing, let us emphatically 
repeat, but five or six tests signify something. And that is so 
true that one might almost say, ‘It matters very little what the 
tests are so long as they are numerous.’” (Kite’s (39) transla- 
tion pg. 329). 

Inasmuch as no article on mental tests is complete without 
a suggested revision, the writer will indicate his opinion on 
the nature of such a revision. If the presence of so many 
variable factors in mental tests means that it is impossible to 
have quantitative measuring scales of intelligence, then of course 
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the development of mental tests is merely the development of 
more diagnostic tests with studies of the types of performance 
that are qualitatively diagnostic. However, the assumption 
underlying a qualitative diagnosis is that owing to certain facts 
the experimenter expects the subject to do differently. The 
certain facts that the experimenter takes into consideration rep- 
resent merely the performance of other similar children. In 
other words the assumption underlying a qualitative diagnosis 
is the assumption of norms of performance, and if we can 
have norms of performance on individual tests, we can have 
norms on groups of tests with the probability that the group 
of tests will be more reliable than its components. The assump- 
tion that norms of performance are possible rests on the as- 
sumption of equality of opportunity. The following remarks 
are made on the assumption that it is possible to classify in- 
dividuals as having had equal opportunity. 

One of the first principles to be recognized in considering 
what the nature of an adequate measuring scale would be is 
that the individual tests should be scored on the point or partial 
credit system rather than on the all or none system, for as 
Yerkes points out, the scoring of tests by points brings out 
the full value of the testing material and minimizes the influence 
of the personal equation. It might be objected that some tests 
can not be scored on a basis of partial credits, for they are 
all or none tests, they are either passed or failed. The months 
test and the counting stamps tests are examples of all or none 
tests. It is probably true that no test should stand entirely by 
itself, as there is always a danger that the subject has been 
told about some individual tests. If the tests of naming the 
months, days of the week, giving the date etc. are diagnostic 
tests, their efficiency would not be decreased by combining them 
into one test and weighting them according to their relative 
difficulty, or if the ability in the counting stamps test is diag- 
nostic, a person would stand a better chance of measuring this 
ability by giving other problems than that of counting three 
2 cent stamps and three one cent stamps (counting two 2’s and 
two 1’s, three 3’s and three 1’s, for example). It has been shown 
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that there are dangers in weighting parts of tests according to 
the point system, but the parts may be weighted empirically 
according to their difficulty. 

Another principle that should be recognized in considering 
the nature of an adequate measuring scale is that a number 
of tests should be given well within the range of ability of the 
subjects tested, for the best differential measure of a number 
of groups is one well within the ability of the groups. This 
was brought out in the studies of the personal equation, grade 
correlations, sex differences, and diagnostic value of the tests. 
It is an obvious principle, but one that needs recognition. An 
example from Yerkes’ point scale will make this clear. 


The examination of Fig. 5 in which the growth of each test in the point 
scale with age is shown graphically shows that for the most part the tests 
are either one thing or another—they are either tests for young children or 
for older children. Tests 4, 5, 7, 8, 10, 11 and 14 are useful for indicating 
growth from 5 to 9, but are practically useless beyond that point for the 
abilities are almost completely developed at 9. The 9 year subjects scored 
over 75% of the possible number of points on these seven tests, and there 
is less than 20% improvement manifested above 9. At the other extreme are 
tests 12, 15, 16a, 17, 18, 19 and 20 that are apparently valuable for indicating 
growth above 9, but are practically useless below 9. Of the remaining 7 
tests, I, 2, and 3 are useless for all ages, tests 6 and 16 have doubtful signifi- 
cance, and tests 9 and 13 alone have value for differentiating the intermediate 
growth from 8 to 12. 

From the data in table 30, page 123, the present writer has calculated 
norms for each year for four point scales, (1) the original point scale with- 
out test 16a, (2) the same scale eliminating tests 1, 2, 3 and 6 that have an 
error in the scoring, (3) a scale for younger children consisting of tests 4, 
5, 7, 8, 9, 10, 11, 13 and 14, and (4) a scale for older children consisting 
of tests 9, 12, 15, 16a, 17, 19 and 20. The norms are calculated on the basis 
of the per cent. that the number of points scored is of the number possible 
to score, that number being 100 points for the first scale, 72 points for the 


second scale, 34 for the third and 36 for the fourth. These norms are given 
in table 20. 


TABLE 20. 
Norms for Four Point Scales. 
Chronological ages 5 6 7 8 9 10 II 12 13 14 
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The effect of throwing out tests 1, 2, 3 and 6 is to lower the norms of 
the younger children without changing those of the older children to any 
extent, so that the subjects may express their ability within a range of 70 
points instead of 59 points. In other words the scale is more effective, for 
the greater the range in which differences may be expressed, the greater the 
possibility of differentiation. In the same way scales 3 and 4 are more ef- 
fective than scale 2, Scale 2 gives a range of 39 points between 5 and 9, 
while scale 3 gives a range of 54 points. Scale 2 gives a range of 31 points 
from 9 to 14 while scale 4 gives a range of 42 points. Scale 1 has a range 
of 59 points, 58% of the increase being scored by children from 5 to 9 and 
42% by children from 9 to 14. Scale 2 has a range of 70 points, 56% being 
scored by the younger group and 44% by the older group. On the other 
hand, 75% of the 72 points in scale 3 are scored by the younger group (5 to 


9), and 60% of the 70 points in scale 4 are scored by the older group (9 
to 14). 


The foregoing demonstration does not mean that Yerkes’ 
scale as it stands would be more accurate if broken up into 
two parts, for the accuracy is in some measure dependent on 
having a sufficiently large number of tests. It is true never- 
theless that the use of tests above or below the ability of any 
group lessens the possibility of differentiating that group. The 
accuracy of any point scale system of testing intelligence in- 
creases with the number of parts, in the degree in which it 
tends away from universality. In a recent communication to 
the “Symposium” in the Journal of Educational Psychology 
(63) Yerkes stated that he had abandoned his plan for a uni- 
versal point scale, and suggested three age scales, from birth 
to 4 years, from 4 to 12, and from 12 to maturity or 16. 
Ultimately, he will probably have to split the scale from 4 to 
I2 into two scales at least. 

Aside from the fact that the difficult tests decrease the possi- 
bility of differentiating the younger children, and the easy tests 
decrease the possibility of differentiating the older children, it is 
a waste of the experimenter’s time to ask a young child to 
perform tests obviously beyond his ability, or to ask an older 
child to do tests way beneath his ability. But the experimenter 
never knows the range of a child’s ability till he starts to test. 
What is needed then to avoid waste of time and to provide 
for the rapid exploration of a subject’s possibilities of accom- 
plishment is a series of over-lapping point scales in which a 
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certain number of tests may be found within the range of every 
child. 

This of course is just another way of describing the Binet 
scale. The Binet system in which the experimenter finds the 
basal age and then gives more and more advanced tests until 
the subject fails several in succession enables the experimenter 
to give the subject a number of tests within the range of his 
ability. The four Princeton experimenters using the narrow 
range method of testing actually averaged about 19 tests for 
each individual, a number which is remarkably close to the 
20 tests prescribed by Yerkes. The proof that this system 
is reliable rests on the fact that the Binet system has been 
found to be reliable within certain ranges. It breaks down at 
the extremes or in those regions below which or above which 
there are no more effective tests by which the subjects may be 
differentiated. The chief limit is the number of tests. 

So far then our analysis of the nature of an adequate meas- 
uring scale has led to the conclusion that this scale must be 
a point scale on the Binet age scale basis, or in other words 
that both scales have desirable features. Yerkes’ point scale 
is superior in that it has the partial credit rather than the all 
or none system of scoring, and the Binet age scale method is 
superior in that it has greater adaptibility so that the experi- 
menter can find more tests within the subjects’ range of ability. 
The advantage of having post-experimental norms is not pe- 
culiar to the point scale for it is just as easy to compute the 
average “mental age’ of groups of non-selected children of 
different age, sex, nationality, sociological status, etc., as it is 
to compute the average number of points scored. From a 
practical standpoint, both scales are probably satisfactory within 
certain limits. Both scales have a large number of users and 
have yielded valuable results. 

The chief objection against the Binet type of scale is that 
it is a closed system of tests and admits of no improvement. 
The moment an experimenter changes a test or the position of 
a test in the various Binet scales, all the norms of past experi- 
mental work are useless. The study of the individual Binet 
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tests in this investigation certainly shows that the scale can be 
improved, yet its structure precludes the possibility of improve- 
ment without discarding all the norms of previous experimental 
work. In admitting that the individual tests in the Stanford 
revision vary in the degree with which they correlate with 
intelligence (see page 231), Terman admits that the scale can 
be improved, yet it is impossible to improve it without changing 
the “intelligence quotients” so carefully worked out on an 
empirical basis. The chief objection to Yerkes’ scale is its lack 
of adaptibility, the fact that its structure places a limit on the 
number of tests that can be found within the range of ability 
of the children of the ages for which it is designed to test. 

The need of a scale that has an elastic structure and one 
that may be improved upon indefinitely brings us back to Huey’s 
(36) original conception of a point scale, which consisted of 
“the per cent. of intelligence obtained by adding together all 
the points earned, multiplying by 100, and dividing by the 
sum of the points allotted to the tests actually given and counted 
as given’, or in other words the per cent. that the number 
of points scored is of the possible number of points. On this 
basis the norms of performance are not given for any whole 
system of tests, but for the individual tests. Each experimenter 
must select his tests to meet his problem, and must compute his 
norms from the published norms on individual tests. 

Such a system has the obvious advantages of adaptability and 
improvability. If the problem were that of differentiating 
younger children, the experimenter would select tests that 
others have found useful in this respect. Under present con- 
ditions there is no measuring scale for younger children in 
which an experimenter can use such an historically valuable 
test as the form board. If the problem were the diagnosis of 
the higher grades of defect, the experimenter would select tests 
useful for making this differentiation. Under such conditions 
each clinic would probably have its own group of tests, and 
the only basis of comparability of results would be the individual 
tests. Huey’s system is really nothing more than a percentage 
system of scoring the results of tests, and the advantage of 
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the method lies in the fact that a system of tests is moré re- 
liable than the individual tests—that a person is more apt to 
hit a bird with the “spread” barrel than he is with the “choke” 
barrel. 

On this system scales could be constructed on almost any 
basis, the only limit being the number of standards to which 
the percentages could be referred. The writer has in mind two 
types of scales which should prove immediately useful, one an 
age scale, and the other a scale for feeble-mindedness. 

A convenient form of age scale would be a series of tests 
arranged according to increasing difficulty, the arrangement be- 
ing made according to any arbitrary criterion such as a score 
of 50% or 75% at certain ages or combinations of ages. Each 
test would consist of a number of parts empirically weighted. 
It would probably be convenient to weigh all tests on some 
arbitrarily selected scale such as 10 which has the advantages 
of the decimal system. It would be unnecessary to weigh tests 
differently for eventually it should be possible to have nothing 
but valuable tests in the scale. The tests could conveniently be 
placed in groups according to equality of difficulty, and the score 
computed from any number of successive groups of tests. The 
only limit to the number of tests in a group would be the 
number of tests that could be found of approximately the same 
difficulty, and any number of groups could be combined. 

For purposes of illustration the writer will take five tests 


for a group and make every successive twenty tests a successive 
scale. The form of such a scale would be 


I EI OPES Nr 
2 2 2 2 2 2 2 
3 3 3 3 3 3 3 
4 4 4 4 4 4 4 
5 5 5 5 5 5 5 


Group ABCD would constitute one point scale, group BCDE 
another point scale, etc. If the norms on the individual tests 
are accurate the per cent. that an individual scores on scales 
ABCD, BCDE, CDEF, etc. should refer to the same age, only 
of course the scale nearest the subject’s range of ability would 
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give the most accurate estimate. A preliminary series of tests 
such as Ai, B1, C1, Dt, etc. could be given to ascertain the 
subject’s probable range. Indeed a preliminary scale that would 
roughly place the subject near his proper level could probably 
be arranged for class-room testing. In this way a whole school 
system could be tested, selecting the doubtful cases on a class- 
room scale, and giving these cases more and more detailed ex- 
aminations, the number of tests that can be found being the 
only limit. Any test that is found to be inaccurate could im- 
mediately be thrown out and another substituted, it being a 
simple matter to recalculate norms. 

A series of scales for feeble-mindedness could be arranged 
without reference to age norms. The scales could be for the 
three groups, idiots, imbeciles and morons, limiting the groups 
by some such arbitrary criteria as Binet proposed, viz. that the 
idiot is one who never acquires spoken language, and the im- 
becile one who never acquires written language. Illiteracy could 
be experimentally determined from imbecility by researches on 
groups of individuals who after long training have not been 
able to acquire written language. The differentiation of the 
moron from the normal individual requires further experimental 
work. Within each group the individuals could scale over a 
range of 100%, and further study would probably indicate the 
border-line for the sub-divisions “low’’, “middle” and “high”. 
These scales could be improved and elaborated as more diag- 
nostic tests were discovered. Of course the scales would not 
necessarily be limited to the groups for which they were de- 
signed. The imbeciie could be given the scale for morons, just 
as well as either one could be given the age scale for normal 
individuals or as normal individuals could be given the feeble- 
minded scales. It is the writer’s opinion that if scales for 
feeble-mindedness could be developed that were not standardized 
on an age basis and the results were then studied in the light of 
their age correlations, the results would be illuminating. 

The chief advantage of systems of tests modelled according 
to Huey’s plan is that they admit of improvement. It is prob- 
ably impossible for any one person to perfect a final quantitative 





eae ee ss 





DIAGNOSTIC VALUE OF MENTAL TESTS 247 


scale. It would seem better to adopt a skeleton plan which 
would allow a more perfect scale to evolve. Such a plan would 
encourage researches on individual tests both in the public 
schools and in institutions for the feeble-minded, and it is only 
by co-ordinating such researches that we will ever be able to 
solve the problem of the nature of intelligence or the correspond- 
ing problem, the nature of feeble-mindedness. 
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